^FA^nT^lycerldes were'not altered by LPS .Nonetheless^ 
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and • i „„;j 0 , increased (P < .05) and plasma glucose tended to 

TeSllse ^fbelieve that immunologica! challenge induces cytokine 
synthesis and secretion in swine which, in turn, may induce 
protein catabolism. 
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Summary Oestrogen replacement therapy is associ- 
ated with a decreased risk of cardiovascular disease 
in postmenopausal women. Patients with non-insu- 
lin-dependent diabetes mellitus (NIDDM) have an 
increased cardiovascular risk. However, oestrogen 
replacement therapy is only reluctantly prescribed 
for patients with NIDDM. In a double blind random- 
ized placebo controlled trial we assessed the effect of 
oral 17 /? -estradiol during 6 weeks in 40 postmeno- 
pausal women with NIDDM. Glycated haemoglobin 
(HbA lc ), insulin sensitivity, suppressibility of hepatic 
glucose production, lipoprotein profile and parame- 
ters of fibrinolysis were determined. The oestrogen 
treated group demonstrated a significant decrease of 
HbA lc and in the normotriglyceridaemic group a sig- 
nificantly increased suppression of hepatic glucose 
production by insulin. Whole body glucose uptake 
and concentrations of non-esterified fatty acids did 
not change. LDL-cholesterol- and apolipoprotein B 
levels decreased, and HDL-cholesterol, its subfrac- 



tion HDL 2 -cholesterol and apolipotrotein Al in- 
creased. The plasma triglyceride level remained simi- 
lar in both groups. Both the concentration of plasmi- 
nogen activator inhibitor-1 antigen and its active sub- 
fraction decreased. Tissue type plasminogen activator 
activity increased significantly only in the normo- 
triglyceridaemic group. Oestrogen replacement ther- 
apy improves insulin sensitivity in liver, glycaemic 
control, lipoprotein profile and fibrinolysis in post- 
menopausal women with NIDDM. For a definite an- 
swer as to whether oestrogens can be more liberally 
used in NIDDM patients, long term studies including 
the effect of progestogens are necessary. [Diabeto- 
logia (1997) 40: 843-849] 

Keywords Oestrogen therapy, non-insulin-dependent 
diabetes mellitus, glucose regulation, insulin sensitiv- 
ity, hepatic glucose production, lipoprotein profiles, 
coagulation factors, fibrinolysis. 
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Overt non-insulin-dependent diabetes mellitus 
(NIDDM) is the end of a continuum in metabolic in- 
sulin resistance with decreasing compensation by in- 
sulin production from the beta cell [1]. Risk factors 
for ischaemic heart disease, the most importance 
cause of death and disability in elderly patients with 
diabetes, like carbohydrate intolerance or manifest 
diabetes, visceral obesity, hypertriglyceridaemia [2], 
low HDL-cholesterol content in plasma [3] and hy- 
pertension [2] are often clustered in a more or less 
complete profile of interdependent metabolic abnor- 
malities, called the insulin resistance syndrome [4]. 
The balance between coagulation and fibrinolysis is 
intimately linked with this profile [5-7]. In patients 
with NIDDM the cardiovascular risk is increased 2 
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to 5 times when compared with non-diabetic persons 
[8]. When dyslipidaemia is also present the relative 
risk may further increase to 15 times [9]. 

Before the menopause cardiovascular events are 
less frequent in women than in men. This suggests a 
protective role for oestrogens. This apparent protec- 
tion disappears in diabetes [10]. Oestrogen replace- 
ment therapy (ERT) in non-diabetic women after 
the menopause was found to be associated with lower 
fasting glucose [11] and with lower insulin concentra- 
tions [11, 12]. Godsland et al. [13] found no signifi- 
cant difference between users of ERT and non-users. 
They estimated insulin sensitivity by mathematical 
modelling of intravenous glucose tolerance tests. 
Lindheim et al. [14] using insulin tolerance tests 
found only a difference for low dose conjugated oes- 
trogens. In experimental animal studies lowering of 
blood glucose induced by insulin was enhanced oes- 
trogen therapy [15, 16]. Recently the Postmenopausal 
Estrogen/Progestin Interventions (PEPI)-trial [17], a 
placebo controlled double blind study in non-diabetic 
women, showed a significant decrease of fasting glu- 
cose during oral treatment with conjugated equine 
oestrogens with no change in insulin levels. 

ERT was associated with a 50% reduction of the 
relative risk in cardiovascular morbidity and mortal- 
ity in observational studies in non-diabetic women 
[18]. Selection bias may have caused overestimation 
of the apparent protective effect of ERT [19]. How- 
ever, both the observation in animal studies that oes- 
trogens stimulate reverse cholesterol transport with 
decreased subintimal cholesterol ester accumulation 
[20] and the direct vasorelaxing effect of oestrogens 
seen in humans [21] strongly suggest a beneficial ef- 
fect. Moreover, during ERT the lipoprotein profile 
[22] and parameters of fibrinolysis [23] changed fa- 
vourably. 

In diabetic postmenopausal women ERT is only 
reluctantly advised [24]. The adverse effects of oral 
contraceptives on glucose tolerance in patients with 
NIDDM [25] may have contributed to the hesitation. 

We studied the short term effects of ERT on gly- 
caemic control and on insulin resistance using the eu- 
glycaemic hyperinsulinaemic clamp in relation with 
their effects on lipoprotein profile and fibrinolysis in 
patients with NIDDM with normal or elevated plas- 
ma triglyceride level (cut-off 2.0 mmol/1). 

Subjects and methods 

Patients. We recruited 40 postmenopausal women with 
NIDDM from outpatient clinics of the University Hospital 
Leiden or by advertisements and articles in newspapers. We 
considered NIDDM to be present if diabetes had been con- 
trolled sufficiently with diet and/or oral hypoglycaemic agents 
for more than 1 year or when detectable plasma C-peptide 
concentrations after glucagon stimulation were found. Women 
were considered to be postmenopausal when they had no 
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menstrual cycle for more than 1 year. This was confirmed bio- 
chemically by a concentration of follicle stimulating hormone 
(FSH) in plasma over 20 U/l, higher concentrations of FSH 
than luteinising hormone (LH) and a concentration of oestra- 
diol under 50 pmol/1. Exclusion criteria were: manifest coro- 
nary heart disease; liver or renal impairment; endocrine abnor- 
malities other than NIDDM; hereditary diseases of lipid me- 
tabolism, plasma triglyceride levels over 10 mmol/1; oestrogen 
sensitive tumours or a history of thromboembolic diseases. 
Also excluded were patients who used metformin, diuretics, li- 
pid lowering drugs, corticosteroids, anticonvulsant therapy or 
postmenopausal hormonal replacement therapy within the 
previous 3 months. The study was approved by the committee 
of medical ethics of the University Hospital Leiden and all wo- 
men gave informed consent before their entry to the study. 

Study protocol. We conducted a 6-week double blind placebo 
controlled trial of 2 mg micronized 17-/3 oestradiol (Novo-Nor- 
disk, Zoeterwoude, The Netherlands) in 40 postmenopausal 
women with NIDDM, who received once daily either ERT or 
placebo orally. The patients were randomized into two groups 
of 20 subjects. Randomization was performed by a pharmacist, 
who was the only person knowing the code. FSH and LH were 
measured after closure of the trial in order not to break the 
code indirectly. We postulated that the effect of ERT would 
be similar in the normotriglyceridaemic group (NTG, 
TG <i 2 mmol/I; n = 27) and the hypertriglyceridaemic group 
(HTG, TG > 2 mmol/1; n = 13). In the NTG group 14 patients 
received oestrogen and 13 patients placebo. In the HTG group 
6 patients were treated with oestrogen and 7 with placebo. The 
patients were asked to keep a food diary. Before and after 
6 weeks of treatment parameters of insulin resistance, lipopro- 
tein metabolism and fibrinolysis were assessed. After the study 
all patients were treated with 5 mg medroxyprogesterone ace- 
tate orally except those who had undergone a hysterectomy in 
the past. 

Two patients from the oestrogen-group reported vaginal 
spotting, for which they were referred to the gynaecological 
department. They did not withdraw from the study. 

Metabolic investigations. All patients were admitted to the 
metabolic ward the day before the clamp study. To achieve eu- 
glycaemia regular insulin was infused intravenously during the 
overnight fasting period. At 08.00 hours a cannula was inserted 
in the other forearm for blood sampling. The arm was placed in 
a thermoregulated plexiglass box (50-70 °C) to obtain arterial- 
ized blood. Before the start of the clamp blood samples were 
drawn for the assessment of fibrinolytic parameters and lipo- 
protein profile. 

A sequential euglycaemic (5.4 mmol/1) hyperinsulinaemic 
three-step clamp was performed in order to measure whole 
body glucose uptake (WBGU) at various insulin perfusion 
rates [6]. To assess the hepatic glucose production rate (HGP) 
we administered tritiated glucose (3- 3 H-glucose, specific activ- 
ity 499.5 GBq/mmol, NET-331C; Dupont, Boston, Mass., 
USA), as a tracer by fixed infusion in a rate of 10 u.Ci/h for 
6 h, preceded by a bolus of 15 nCi. During the clamp study 
plasma glucose was determined every 5 min (Glucose analyser; 
Beckman Instruments, Palo Alto, Calif., USA). The duration 
of each step of the clamp was 2 h. During the last 30 min of 
each step (the equilibrium phase) four blood samples were 
drawn to estimate the insulin concentration and the specific ac- 
tivity of glucose. The concentration of non-esterified fatty acid 
(NEFA) was determined in the last blood sample of each step. 
A dose response curve was obtained by infusion of regular 
insulin in the following order: 1) basal step: as much insulin as 
needed to maintain euglycaemia; 2) second step: 1.25 mU 
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kg"' • min -1 , preceded by a bolus of 12.5 mU • kg" 1 ; and 3) 
third step: 10 mU ■ kg" 1 • min" 1 , preceded by a bolus of 
100 mU • kg" 1 . During the last two steps 20% glucose was in- 
fused to maintain euglycaemia. Forty to sixty mmol potassium 
chloride was added to 1000 ml glucose 20% solution to pre- 
vent hypokalaemia. 

In the first step of the clamp WBGU was equal to HGP. In 
the next two steps WBGU was calculated according to the iso- 
tope dilution technique, being the quotient between the infu- 
sion rate of tritiated glucose and the specific activity of glucose 
in plasma. The specific activity is the quotient between 3- 3 H 
glucose in counts per minute and uinol glucose in the same ali- 
quots. The specific activity of tritiated glucose was assessed af- 
ter deproteinizing plasma with ZnS0 4 and Ba(OH) 2 . 

The HGP in the second and third step of the clamp was cal- 
culated by subtracting the mean glucose infusion rate during 
the last 30 min from the calculated rate as mentioned above. 
In the third step HGP was zero. HGP suppression (HGP 8uppr ) 
was calculated as (HGP,-HGP 2 )/HGP, (where HGP, denotes 
HGP in step 1 and HGP 2 denotes HGP in step 2 of the three 
step clamp). The mean glucose infusion rate during the steady 
state of second and the third step was considered to be the 
WBGU if the mean glucose infusion rate exceeded the quo- 
tient between the infusion rate of tritiated glucose and the spe- 
cific activity of glucose. Otherwise the WBGU was assumed to 
be equal to the above mentioned quotient. 

Percentage NEFA suppression (NEFA^pp,) has been calcu- 
lated as 100 x (NEFAi-NEFAjVCNEFAj-NEFAj), NEFA,, 
NEFA 2 and NEFA 3 being the NEFA concentrations of the 
steady-state phase of the first, second and third step of the 
clamp respectively. 

Analytical procedures. NEFA were determined using the NE- 
FAC test (Wako Chemicals GmbH, Neuss, Germany) and im- 
munoreactive insulin and C-peptide concentration in plasma 
with a radioimmunoassay method (Medgenix, Brussels respec- 
tively, Biolab, Brussels, Belgium). Glycated haemoglobin 
(HbA, c ) was measured by HPLC (Bio-Rad, Richmond, Calif., 
USA). Lipoprotein profile was assessed by density gradient ul- 
tracentrifugation [26]. Plasma triglyceride concentration was 
determined with GPO-PAP triglyceride reagent (Boehringer 
Mannheim, Mannheim, FRG). Plasma glucagon concentration 
was measured by a specific pancreas glucagon radioimmunoas- 
say (Daiichi, Tokyo, Japan). Apo Al and Apo B were assessed 
by rate immunonephelometry using an automated Beckman 
array analyser (Beckman Instruments). Plasminogen activator 
inhibitor type 1 antigen (PAI-l-ag) was determined by an ELI- 
SA method and active PAI-l-ag by an immunoassay specific 
for the determination of active PAI-1 (Organon Teknika, 
Turnhout, Belgium). 

Tissue type plasminogen activator antigen (t-PA-ag) was 
measured by immunoassay (Imulyse; Biopool, Umea, Sweden) 
[27] and activity (t-PA-act.) by a bioimmunoassay (Coatest 
BIA t-PA, Chromogenix, Molndal, Sweden) [28]. The PAI-t- 
PA complex was measured using an immunoassay (Thrombon- 
ostika; Organon Teknika, Boxtel, The Netherlands). Blood 
samples for assessment of fibrinolysis were collected in Stab- 
ilyte tubes to prevent binding of t-PA to PAI-1 [29]. 

Statistical analysis. The adequacy of the randomization was as- 
sessed by comparing the two treatment groups at baseline us- 
ing the Mann-Whitney U-Test. The same test was used to as- 
sess treatment group differences (tgd) in changes from base- 
line. Correlation analysis was performed with the Spearman 
rank correlation test. We used the SOLO 4.0 statistical pro- 
gram (J. Hintze; BMDP Statistical Software, Los Angeles, Ca- 
lif., USA). 




Placebo 



ERT 




Placebo 



Fig. 1 a, b. Comparison of the effect of 6 weeks oestrogen treat- 
ment compared to placebo on hepatic glucose production sup- 
pression in an euglycaemic hyperinsulinaemic clamp in 
NIDDM patients with fasting normotriglyceridaemia (<. 
2.0 mmol/1; NTG) or hypertriglyceridaemia (> 2.0 mmol/1; 
HTG) 



Results 

The baseline values and the effects of treatment on 
insulin resistance, lipids, lipoprotein profile and fibri- 
nolysis are summarized in Tables 1, 2 and 3 respec- 
tively. The two study groups did not significantly dif- 
fer regarding age, BMI, WHR, duration of diabetes, 
HbA lc , parameters of insulin resistance, parameters 
of lipoprotein profile and fibrinolysis. 

Hypertension was found in 25% of the patients 
(i. e. systolic pressure > 170 and diastolic pressure 
>90mmHg), 33% hypertriglyceridaemia (i.e. trig- 
lyceride concentration > 2 mmol/1) and 80 % visceral 
obesity (i.e. WHR > 0.90). All patients had a creati- 
nine clearance over 50 ml/min and microalbuminuria 
was less than 20 (xg/min. 

None of the patients dropped out of the study. 
Compliance was checked by measurement of plasma 
oestradiol levels at the second visit. These levels ran- 
ged from 106 to 670 pmol/1 in the drug treated group 
and they were very low or not detectable in the pla- 
cebo group. Blinding was maintained throughout the 
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Table 1. Demographics and parameters of insulin sensitivity at baseline and the change during therapy 



Baseline values (a) Pbasciinc Pchangc 

After therapy (b) 









Placebo 
( n - 9m 


17 /S-oestradiol 

( n - 9m 






Age (years) 




(a) 


60.7 ± 5.2 


60.4 ±5.9 


1.00 


- 


NIDDM (years) 




(a) 


8.9 ±8.9 


15 ±13.3 


0.12 


- 


Smoking (n) 




(a) 


3 


4 


- 


- 


BMl 




(a) 


28.4 ± 4.7 


28.6 ±6.1 


0.99 


0.04 


(kg/m 2 ) 




(b) 


28.5 ± 4.6 


29.0 ±6.2 






WHR 




(a) 


0.96 ± 0.07 


0.96 ±0.07 


0.80 


0.73 






(b) 


0.97 ±0.06 


0.98 ±0.07 






HbA lc 




(a) 


8.1 ±1.6 


8.7 ± 1.5 


0.24 


0.03 


(%) 




(b) 


7.7 ±1.4 


8.1 ± 1.3 






C-peptide 




(a) 


0.54 ±0.38 


0.38 ±0.39 


0.11 


0.26 


(nmol/1) 




(b) 


0.52 ± 0.43 


0.24 ±0.22 






HGP suppr 

(u.mol • kg" 1 • min" 




(a) 


10.9 ±3.3 


9.4 ±3.0 


0.12 


0.04 


') 


(b) 


10.4 ± 2.3 


11.2 ±3.5 






WBGU 2 




(a) 


21.8 ±9.2 


20.7 ±15.2 


0.19 


0.87 


(|imol • kg" 1 • min" 


') 


(b) 


23.5 ± 10.8 


22.1 ± 14.1 






NEFA^ 




(a) 


78.6 ±30.5 


82.8 ±16.9 


0.88 


0.43 


(%) 




(b) 


84.7 ±8.1 


78.9 ± 22.2 






Glucagon 




(a) 


166 ±61.3 


156 ± 62.9 


0.47 


0.18 


(ng/1) 




(b) . 


154 ± 60.9 


151 ± 56.6 







Values are mean ± SD. The p-values indicate the probability that the mean baseline values (Pbasciine) or tne change in the two treat- 
ment groups (Pchung,.) are identical 



study. No significant group-difference was found in 
treatment related complaints, but in the end all pa- 
tients guessed the right allocation of treatment group. 
The total energy intake and dietary composition in 
terms of protein, fat and carbohydrate content did 
not differ in the two treatment groups. 

Insulin resistance (Table 1). The body mass index 
(BMl) increased by 1.5% during oestrogen treat- 
ment and by 0.7 % during placebo (treatment group 
difference (tgd) p - 0.04). No difference in change of 
WHR was found between the two treatment groups. 

The decrease in HbA lc in the oestrogen treated 
group from 8.7 to 8.1 % (mean change - 0.66 ± 0.67) 
was more than the decrease from 8.1 to 7.7% (mean 
change -0.34 ±0.45) in the placebo group (tgd p< 
0.03). HGPj was not affected by ERT. However the 
change in HGP suppr (1.77 ±2.91 umol • kg" 1 ■ min" 1 ) 
was significantly greater in the oestrogen treated 
group than after placebo (0.51 ± 3.61 umol • kg -1 ■ 
min -1 ) (tgd p<0.04) (Table 1). This was most pro- 
nounced in the NTG group (tgd p < 0.002, Fig. 1 a). 
In the HTG group no significant difference in treat- 
ment effect was found (tgd p = 0.47, Fig. lb). The 
HGP SU p E ,. was significantly greater in the NTG than 
in the HTG group. The plasma level of glucagon, of 
C-peptide, the WBGU and the percentage of NEFA 
suppression changed in a comparable way in both 
groups, with no differences between the NTG and 
HTG groups. Before ERT, HbA lc was not correlated 



with HGP or HGP suppr . This was also true for the 
change in HbA lc during ERT and the change in 



Lipids, lipoproteins and apolipoproteins (Table 2). 
Plasma triglyceride levels did not change significantly 
in either of the two treatment groups, not even in the 
HTG patients. The same was true for VLDL-choles- 
terol. Plasma cholesterol concentration changed only 
slightly, while the LDL-cholesterol levels in the ERT 
group decreased by 14% compared to an increase of 
2% in the control group (tgd p= 0.0001). Concomi- 
tantly, the plasma apoB levels decreased by 10% 
compared to an increase by 2% respectively (tgd 
p- 0.001). HDL-cholesterol increased by 22% com- 
pared to 3% (tgd p < 0.0002). This change in HDL- 
cholesterol level was mainly due to an increase in the 
less dense subfraction HDLj raising it by 49 % com- 
pared to 5% (tgd p< 0.0001). No significant change 
was found in HDL,-cholesterol concentration. Apo 
Al was raised by 16% compared to 3% (tgd 
p = 0.0001). No effect in the mean density of the LPL 
peak or on the oxidisability of LDL [30] was seen. 

Fibrinolysis (Table 3). Both total PAI-1 antigen and 
active PAI-1 antigen concentration decreased signifi- 
cantly during ERT compared with the placebo group 
(both tgd p<0.05). The change in t-PA activity, t-PA 
antigen and in the PAI-t-PA complex concentration 
did not differ between treatment groups. 
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Table 2. Parameters of lipoprotein profile and the apolipoproteins at baseline and the effect of oestradiol or placebo on concentra- 
tions of plasma lipids and (apo)lipoproteins 







Baseline values (a) 




P baseline 


Pchangc 






After therapy (b) 










Placebo 


Oestradiol 










(n = 20) 


(n = 20) 






Plasma cholesterol 


(a) 


5.28 ±0.66 


5.25 ±0.78 


0.82 


0.02 


(mmol/l) 


(b) 


5.32 ± 0.70 


4.97 ± 0.70 






LDL-cholesterol 


(a) 


3.36 ± 0.68 


3.30 ±0.74 


0.68 


0.0001 


(mmol/l) 


(b) 


3.42 ± 0.69 


2.82 ±0.67 . 






HDL-cholesterol 


(a) 


1.20 ±0.30 


1.20 ±0.47 


0.88 


0.0002 


(mmol/l) 


(b) 


1.24 ± 0.32 


1.47 ±0.56 






HDL 2 -cholesterol 


(a) 


0.36 ±0.19 


0.41 ± 0.29 


0.89 


0.0007 


(mmol/l) 


(b) 


0.38 ± 0.20 


0.61 ±0.39 






HDL 3 -cholesterol 


(a) 


0.84 ±0.14 


0.79 ±0.21 


0.47 


0.14 


(mmol/l) 


(b) 


0.86 ±0.17 


0.85 ± 0.20 






VLDL-cholesterol 


(a) 


0.64 ±0.35 


0.69 ±0.43 


0.86 


0.61 


(mmol/l) 


(b) 


0.60 ±0.42 


0.62 ±0.48 






Plasma triglyceride 


(a) 


1.53 ±0.83 


1.74 ±0.95 


0.48 


0.65 


(mmol/l) 


(b) 


1.61 ±1.09 


1.79 ±1.09 






VLDL-triglyceride 


(a) 


1.06 ±0.63 


1.09 ±0.83 


0.78 


0.85 


(mmol/l) 


(b) 


1.07 ± 0.77 


1.09 ± 0.84 






Apo Al 


(a) 


1.44 ±0.18 


1.39 ±0.28 


0.68 


0.0001 


(g/1) 


(b) 


1.48 ±0.18 


1.61 ± 0.30 






ApoB 


(a) 


1.27 ±0.28 


1.26 ±0.36 


0.89 


0.0004 


(g/1) 


(b) 


1.30 ±0.32 


1.13 ±0.29 






Values are mean ± SD. The 


p-values indicate the probability that the 


mean baseline values (p 


baseline) or tne change in the two treat- 


ment groups (p C | lange ) are identical 








Table 3. Parameters of fibrinolysis and the effect of oestradiol or placebo on parameters of fibrinolysis 








Baseline values (a) 




Pbasclinc 


P change 






After therapy (b) 










Placebo 


Oestradiol 










(« = 20) 


(n = 20) 






Active PA1-1 


(a) 


22.9 ±25.3 


17.5 ±14.1 


0.67 


0.01 


(ng/ml) 


(b) 


25.5 ±23.5 


8.9 ±5.9 






PA1-1 antigen 


(a) 


129 ± 124 


100 ±63 


0.83 


0.03 


(ng/ml) 


(b) 


131 ± 118 


72 ± 44 






tPA activity 


(a) 


0.23 ±0.14 


0.26 ±0.16 


0.53 


0.07 


(lU/ml) 


(b) 


0.21 ±0.13 


0.29 ±0.15 






tPA antigen 


(a) 


6.7 ± 2.7 


6.7 ±3.3 


0.88 


0.17 


(ng/ml) 


(b) 


6.7 ±3.1 


5.6 ±2.7 






PAl-tPA complex 


(a) 


12.0 ±5.7 


11.4 ±6.5 


0.68 


0.40 


(ng/ml) 


(b) 


11.9 ±5.4 


10.3 ±5.3 







Values are mean ± SD. The /j-values indicate the probability that the mean baseline values (Pb ase u ne ) or the change in the two treat- 
ment groups (p change ) are identical 



Discussion 

The results of this study demonstrate for the first 
time that during short term oral ERT the control of 
NIDDM improves, as indicated by a decrease in 
HbA lc . Our study indicates that among the three 
main sites of insulin resistance, the liver, skeletal 
muscle and adipose tissue [1], the liver (increased 
HGP suppression) is the major site of improvement 



of diabetic control during short term ERT. Inhibition 
of glucagon induced glycogenosis, as has been 
shown in ovariectomized mice [16] or an inhibition 
of alpha-cell function, causing a fall of glucagon se- 
cretion [15] may be involved. We were not aware of 
the plasma glucagon levels in the portal blood in 
our patients, but the peripheral glucagon levels and 
their changes were similar in the two treatment 
groups. 
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We measured basal HGP after normalizing blood 
glucose values during the night preceeding the clamp 
to obtain comparable measurements. HGP is influ- 
enced by the blood glucose level, which was some- 
times over 10 mmol/1 on the evening preceding the 
study. 

We found that the HGP suppression by insulin was 
not affected by ERT in HTG patients, while the sup- 
pression was strongly enhanced in NTG patients 
(tgd p< 0.002). It may be assumed that the increase 
of triglyceride synthesis during ERT [31] decreases 
the availability of NEFA for beta-oxidation. Beta-ox- 
idation provides "fuel" for gluconeogenesis, but is 
rapidly saturated. It may be that in HTG patients 
due to the increased levels of NEFA, beta-oxidation 
is already saturated by high substrate availability so 
that eventual changes in substrate availability are 
not reflected in changed gluconeogenesis whereas in 
NTG patients the lower NEFA concentrations allow 
changes to become visible. An effect of ERT on intra- 
cellular availability of NEFA in mitochondria is not 
known. 

Another source of fatty acids for the liver are core 
remnants of triglyceride rich lipoproteins and HDL2 
particles after they have been attacked by hepatic li- 
pase. Oral administration of oestrogens inhibits he- 
patic lipase activity [32]. Thus, a reduced NEFA in- 
flux from this source may also have contributed to 
the improved HGP suppr especially in NTG patients. 
Although the BMI was significantly increased in the 
ERT group as compared to the placebo group the 
WHR did not change. The WHR is a measure of ab- 
dominal obesity. An increased NEFA release from 
abdominal fat is important in the insulin resistance 
syndrome [2]. This is supported by our baseline data, 
i.e. WHR (r s = -0.49, p< 0.002) and BMI (Y s = 
-0.45 p< 0.005) were negatively correlated with 
HGP r . 

Insulin resistance can also be caused by reduced 
blood flow in skeletal muscle and reduced capillary 
density [1, 33, 34]. However, we could not demon- 
strate an increase in WBGU during ERT. The effect 
of oestrogens on the re-esterification of NEFA with 
glycerol phosphate in adipose tissue, a site of insulin 
resistance [1], is unknown. 

The change in plasma lipids and lipoproteins from 
baseline is in accordance with earlier reports on non- 
diabetic postmenopausal women [22]. The decrease 
of cholesterol in plasma is a reflection of the lowering 
of LDL-cholesterol. This was paralleled by a de- 
crease in apo B concentration and may be explained 
by an increased LDL-cholesterol and apo B catabo- 
lism in liver, probably due to an increased number of 
apo LDL recetpors during ERT [31]. The effects on 
HDL-cholesterol were mainly due to an increase of 
its less dense, variable part, the HDL2 subfraction. 
This may be explained by suppression of hepatic li- 
pase activity by ERT [31]. Moreover, the increase in 
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HDL was accompanied by a significant increase of 
apo Al concentration probably by increased apo AI 
synthesis in the liver [35]. Although oestrogens en- 
hance triglyceride synthesis in the liver, producing 
large "fluffy-puffy" VLDL particles [22], we did not 
find an increase in plasma VLDL triglyceride, or in 
VLDL-cholesterol concentration. 

A high PAI-1 concentration and activity are asso- 
ciated with insulin resistance [5-7]. The lowering fits 
in the pattern of other changes observed during 
ERT, but the mechanism is not clear. Kroon et al. 
[23] demonstrated that ERT can induce a decrease 
in the plasma concentration of PAI-1 in non-diabetic 
postmenopausal women. During treatment with low- 
dose oral contraceptives a 50% decrease in PAI-1 
has been observed [36]. We found a decrease in both 
active and total PAI-1 levels in postmenopausal wo- 
men with NIDDM, suggesting an improvement of fi- 
brinolysis. 

Oestrogen replacement therapy is increasingly 
prescribed in postmenopausal women for various 
reasons. We studied the risk factors influenced by un- 
opposed oestrogens. However, in practice combined 
therapy with progestogens is prescribed to minimize 
oestrogen-induced risk of endometrial carcinoma in 
women with an intact uterus. The effect of progestog- 
ens remains to be established. In diabetic women 
ERT is more reluctantly used [24] because of the pre- 
sumed negative effects of oestrogens on carbohy- 
drate and lipid metabolism [25]. A long term study 
on the effects of hormone replacement therapy 
among postmenopausal women with NIDDM should 
be performed before a more liberal policy is advis- 
able. 
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Metformin and metoprolol CR treatment in non-obese men 

K.LANDIN, L.TENGBORN & U. SMITH 
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Abstract Landin K, Tengbora L, Smith U 
(Department of Medicine. Sahlgrenska Hospital. 
University of GSteborg, Goteborg, Sweden). 
Metformin and metoprolol CR treatment in non- 
obese men. Journal of Internal Medicine 1994; 235: 
335-341. 

Objective. To study the effect of metformin and 
metoprolol CR on insulin sensitivity, blood lipids, 
fibrinolytic activity and blood pressure. 
Design. A double-blind, placebo controlled, triple 
cross-over study with randomization to either met- 
formin. 850 mg b.i.d., or metoprolol CR 100 mg o.d., 
or placebo for a period of 18 weeks. The glucose 
uptake was measured with the euglycaemic clamp 
technique after every 6 weeks' treatment period. 
Blood pressure and blood samples were taken every 
3rd week. 

Subjects. Eighteen non-obese men (53 + 6 years of 
age). 

Results. Metformin decreased C-peptlde (P < 0.02). 
FFA (P < 0.003). total and low-density lipoprotein 
cholesterol, tissue plasminogen activator antigen 
and the urinary potassium excretion (P < 0.05 for 



all), but not blood pressure compared to placebo. 
Metoprolol CR reduced diastolic blood pressure and 
pulse rate; fasting free fatty acids and the urinary 
potassium increased (P < 0.05 for all). No effect of 
metformin or metoprolol CR was seen on the glucose 
disposal rate, blood glucose, plasma insulin, tri- 
glycerides, high-density lipoprotein cholesterol, lipo- 
protein^), uric acid or plasminogen activator in- 
hibitor 1 activity or antigen. The glucose uptake 
was not particularly decreased in these subjects. 
Conclusion. The study shows that metformin has 
some favourable effects on metabolism' and that 
metoprolol CR is fairly neutral in this regard. The 
lack of effect of metformin on glucose disposal rate 
and blood pressure can be explained by the fact that 
the individuals studied were neither insulin resistant 
nor hypertensive. The data does not preclude an 
antihypertensive effect by treating a concomitant 
insulin resistance. 

Keywords: blood pressure, cholesterol, insulin, 
metformin, metoprolol, plasminogen activator 
inhibitor 1, triglycerides. 



Introduction 

Insulin resistance is associated with essential hy- 
pertension, whether or not treated and Independent 
of obesity [1-4]. In a previous pilot study it was 
shown that specifically ameliorating insulin resist- 
ance with the biguanide metformin in non-diabetic, 
non-obese and previously untreated hypertensive 
subjects increased peripheral glucose uptake and 
reduced insulin levels, blood lipids, as well as the 
blood pressure [5]. These results support the im- 
portant role of insulin resistance in hypertension as 
treatment with conventional antihypertensive 
agents, diuretics and beta blockers, do not lead to 
improvements in other associated risk factors apart 
from the blood pressure per se [6-8]. 



This study was carried out to investigate the effect 
of metformin and metoprolol CR in non-obese men 
with a history of hypertension. Effects on glucose 
uptake, blood lipids, fibrinolytic factors and blood 
pressure were studied. 

Patients and methods 

Patients 

Eighteen men, mean age 53 + 6 years' with hy- 
pertension since 8.2 ±7 years, were recruited by 
means of an advertisement in the local newspaper. 
Seven were treated with a beta blocker only, one 
with a calcium-antagonist only, and two with 
diuretics only. One patient took both a beta blocker 
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and a calcium antagonist, three took a beta blocker 
and a diuretic drug and four were untreated. Blood 
pressure at entry was 147±8mmHg systolic and 
89 + 6 mniHg diastolic during the mentioned treat- 
ment; the body mass index was 25.8 + 2.0 kg m" 2 . 
The waist/hip ratio was 0.95 + 0.07. The study was 
approved by the Ethical Committee of the University 
of GQteborg and all men gave their informed consent. 

Study design 

The study was performed for 18 weeks and was of a 
double-blind, triple cross-over, placebo-controlled 
design as shown in Fig. 1. The subjects were 
randomized after their usual antihypertensive agents 
were withdrawn. Each treatment period lasted for 6 
weeks and was followed by a euglycaemic clamp, 
collection of blood and urine samples, measurements 
of blood pressure and body weight as well as a 
physical examination. Blood samples and blood 
pressure were followed every 3rd week. Metformin 
(Glucophage*: Lipha Pharmaceuticals Ltd, Middle- 
sex, UK) was given at a dose of 850 mg b.i.d. and 
metoprolol CR (Seloken ZOC*; Astra Hassle, Molndal, 
Sweden) 100 mg once daily. 

Anthropometry 

Body height and weight were measured in the 
morning with the subjects wearing only under- 
clothes. The waist circumference was measured with 
a soft tape midway between the lowest rib margin 
and the iliac crest in the standing position. The hip 
circumference was measured over the widest part of 
the gluteal region and the waist over hip circum- 
ference ratio (WHR) calculated. 

Total body potassium was measured in a whole- 
body counter (Nuclear Enterprise Ltd, Edinburgh, 
UK) detecting naturally occurring '"'K. Lean body 
mass (IBM) was calculated with Forbes' formula [9] 
according to which 1 kg lean body mass contains 
68.1 mmol potassium. Body fat was calculated by 
subtracting the lean body mass from the total body 
weight. 

Biochemical analyses 

Venous blood samples were drawn from an ante- 
cubital vein after an overnight fast. Glucose was 
determined using a glucose-6-phosphate dehydro- 
genase method (Beckman Instruments, Fullerton, 



CA, USA). Insulin was assayed with the Phadeseph 
Insulin RIA (Pharmacia, Uppsala, Sweden) and 
C-peptlde by a radioimmunoassay method using 
commercially available reagents (Sangtec Medical, 
Dietzenbach, Germany), Cholesterol, triglycerides 
and lactate were determined enzymatlcally (Boeh- 
riuger, Mannheim, Germany), High-density lipopro- 
tein (HDL) cholesterol was analysed according to 
Seigler er al. [10] and the low-density lipoprotein 
(LDL) cholesterol calculated according to Friede- 
wald's formula [11] where LDL cholesterol (mmol l~ l ) 
= total cholesterol -HDL cholesterol - 0.45 x tri- 
glycerides. Plasma free fatty acids (PFA) were de- 
termined with kits from WAKO Chemicals (Neuss, 
Germany). Uric acid was analysed with a standard 
method at the hospital's central laboratory. Lipo- 
protein^) (Lp[aj) was determined using kits from 
Biopool, (Umea, Sweden). 

Glucose clamp. A hyperinsullnaemlc, euglycaemic 
glucose clamp was performed to estimate insulin 
action (sensitivity) essentially as described by 
DeFronzo et al. [12] and as reported previously [13]. 
The insulin infusion (Actrapid* Human; Novo, 
Copenhagen, Denmark) rate was 0.08 1U kg"' body 
weight h" 1 which gave a mean plasma insulin level 
of 118±32mU I" 1 . Glucose (20% weight/volume) 
was infused and the blood glucose levels kept at 
5.2 + 0.6 mmol I" 1 throughout the clamp. The clamp 
lasted for 2 h and the glucose disposal was calculated 
from the steady-state glucose infusion rate during 
the last. 30 min. The coefficient of variation (CV) was 
5.0% for the repeatedly drawn (every 10 min) blood 
glucose samples during the clamp. The glucose 
disposal was expressed as mmol kg 1 body weight 
and per kg lean body mass per min. 

Fibrinolytic process. Blood samples were drawn in 
precooled 5-ml Stabilyte vacutaitier tubes (Biopool) 
containing 0.5 ml of 0.45 m sodium citrate buffer 
pH 4.3 (t-PA activity ) and 5-ml vacutainer tubes 
containing 0.5 ml of 0.1 3 Mtrisodium citrate (Becton 
Dickinson, Meylan-Cedex, France) to the remaining 
assays. The tubes were immediately centrifuged at 
4°C, 2000 g for 20 min. The plasma was aliquoted, 
snap frozen and stored at -80°C until analyses were 
performed. 

Tissue plasminogen activator (t-PA) activity and 
antigen were assayed using Coa-Set t-PA and Coaliza 
t-PA kits, respectively (Chromogenix, Molndal, 
Sweden). Plasminogen activator inhibition (PAI-1) 
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Fig. 1 Study design. 
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activity and antigen were determined using Spectro- 
lyse(pL)PAI and TintEIize PAI-1 kits, respectively 
(Biopool). 

Fibrinogen was measured using a syneresis method 
[14]. AH the tubes were immediately centrifuged at 
4°C for 20 min at 2000 g. The CV was 10% for PAI- 
1 activity equal to 6UmT 3 and 6% for PAI-1 
activity equal to 44 U ml - '. CV was 10% for the t-PA 
activity and antigen equal to 5 ng ml" 1 , and 7% for 
t-PA antigen equal to 50 ng ml -1 . 

Urinalyses. Urine was collected for 24 h to analyse 
Cortisol, adrenaline and noradrenaline excretion. The 
hormones were determined with a fluorometer using 
an adsorption technique with aluminlumoxide [15]. 
Urine was also collected for 24 h for sodium, pot- 
assium and creatinine excretion and determined 
with a flame photometer (FLM 3 ; Radiometer, Copen- 
hagen, Denmark). 

Blood pressure measurements. The blood pressure 
shown is the mean of t hree measurements on the left 
arm after 10 min in the supine position. Diastolic 
pressure was measured as Korotkoff phase V. A 
random zero sphygmomanometer (Hawksley & Sons, 
Lancing, UK) %vas used with a cuff size corresponding 
to the circumference of the left arm. Resting pulse 
rate was registered simultaneously. 

Blood flow measurements. Blood flow in both limbs 



were measured with a veaous-occlusion pletysmo- 
graph (Periquant 3800; Gutmann-Medizinelek- 
tronik, Eurasburg, Germany) every 6 weeks before 
the clamp study. 

Statistics 

Mean values, standard deviations and other de- 
scriptive statistics were calculated for all variables. 
Analysis of variance with factors for patient, treat- 
ment, period and carry-over effects was used to 
compare each active treatment period with the 
placebo period. Least square means and 95% con- 
fidence intervals for the differences were calculated 
with corresponding P-values. A P < 0.05 was con- 
sidered significant. 

Results 

During metformin treatment C-peptide levels (P < 
0.02), FFA (P < 0.003), total cholesterol (P < 0.02) 
LDL, t-PA antigen and urinary potassium excretion 
(P < 0.05 for all). However, glucose disposal rate, 
blood pressure, triglycerides, HDL cholesterol, Lp(a). 
plasma insulin, fibrinogen, t-PA activity, PAI-1. uric 
acid, lactate, peripheral blood flow, pulse rate, body 
weight, urinary excretion of sodium, Cortisol, cate- 
cholamines and creatinine remained unaltered on 
metformin treatment as compared to placebo (Tables 
1 & 2). 



18069302 



338 K. LANDIN et al. 



Tabic 1 Effects of metformin and metoprolo! CR vs. placebo on glucose and lipid metabolism in non-obese men in = 18) 





Placebo 


Metformin 


P-level 


Metoprolol CR 


P-lcve! 


Blood glucose immol I" 1 ) 


5.1 (4.9-5.2) 


4.9 (4.7-5.0) 


NS 


5.1 (4.9-5.2) 


NS 


Plasma insulin (mU l" : ) 


10(8-11) 


9 (8-10) 


NS 


9(8-11) 


NS 


C-peptide (nmo! 


0.81 (0.74-0.90) 


0.67(0.61-0.75) 


< 0.02 


0.78 (0.79-0.86) 


NS 


Glucose disposal (mg kg" 1 BW mln"') 


6.7(5.9-7.6) 


6.1 (5.4-6.9) 


NS 


5.8 (5.1-6.5) 


NS 


Glucose disposal (mg kg"' LBM mln" 1 ) 


10.0(9.1-10.9) 


9.0 (8.5-9.6.) 


NS 


8.9 (7.6-9.5) 


NS 


FFA (mmol 1"') 


860(697-885) 


690(556-735) 


< 0.003 


970 (865-1011) 


<0.02 


Cholesterol (nrnioU 'l 


5.4 (5.3-5.6) 


5.2(5.0-5.3) 


<0.02 


5.3(5.2-5.5) 


NS 


LDL cholesterol (mmol l" 1 ) 


3.4 (.3.3-3.6) 


3.2(3.0-3.3) 


< 0.05 


3.3 (3.1-3.5) 


NS 


HDL cholesterol (mmol l" 1 ) 


1.2 (i. 1-1. 3) 


1.3(1.2-1.3) 


NS 


1.1(1.1-1.2) 


NS 


Lpl.a) (mgl" 1 ) 


38.7 (25.9-57.6) 


46.7(31.4-69.7} 


NS 


57.4 (38. 3-86.2) 


NS 


Triglycerides (mmol I" 1 ) 


1.5(1.3-1.7) 


1.4(1.2-1.6) 


NS 


1.7(1.5-1.9) 


NS 



P-levels vs. placebo. Least square means with 95% confidence intervals in parentheses. 

BW. body weight; FFA. free fatty acids: HDL, high-density lipoprotein; LBM, lean body mass; LDL, low-density lipoprotein: Lp(a), 
lipoprotein (a). 



Table 2 Effects of metformin and metoprolol CR vs. placebo on urinary excretion of potassium, blood flow in right (R) ami left (L) limbs 
and other haemodynamic and fibrinolytic variables in non-obese men (n = 18.1 





Placebo 


Metformin 


P-level 


Metoprolol CR 


P-level 


U-potassium (mmol 24 h"') 


50 (41-52) 


46 (41-53) 


< 0.04 


56(50-63) 


<0.04 


Blood flow l.R) (ml 100 ml" 1 min"') 


2.1 (1.5-2.9) 


1.8(1.3-2.5) 


NS 


2.0(1.4-2.8) 


N"S 


Blood flow (L) (ml 100 ml" 1 mln" 1 ) 


2.2 (1.7-2.8) 


1.9(1.5-2.4) 


NS 


1.8(1.4-2.3) 


NS 


Heart rate (beats mln" 1 ) 


61 (58-63) 


62 (60-65) 


NS 


56 (54-59) 


<0.04 


SBP (mmHg) 


133 (125-137) 


127(120-131.1 


NS 


129 (124-135) 


NS 


DBP (mmHg) 


89(87-92) 


89 (85-89) 


NS 


85 (84 88) 


<0.05 


PAI-1 activity (I' ml" 1 ) 


14.0(10.8-18.1) 


10.9 (S. 4-1 4.0) 


NS 


14.8 (11.5-19.1.1 


NS 


PAI-1 antigen (ng ml" 1 ) 


19.1 (14.3-25.6) 


12.8(9.5-17.1) 


NS 


23.1 (17.1-3).] 1 


NS 


t-PA activity (10 ml -1 ) 


0.38. (0.29-0.50) 


0.39(0.30-0.51) 


NS 


0.36(0.27-0.47) 


NS 


t-PA antigen (ug m!" 1 ) 


8.4(7.7-9.1) 


7. 3 (6.7-7.9) 


< 0.02 


■ 8.8(8.1-9.5) 


NS 


Fibrinogen (g l" 1 ) 


2.9 (2.7-3.1) 


2.6 (2.4-2. 9) 


NS 


2.7(2.5-3.0) 


NS 


P-levels vs. placebo. Least square means and 95% confidence Intervals in parentheses. 



Metoprolol CR decreased diastolic blood pressure 
and pulse rate (P <0.05 for both), increased the 
levels of FFA and urinary potassium excretion (P < 
0.05 for both). No significant changes were seen in 
glucose uptake, cholesterol, LDL and HDL cholesterol, 
Lp(a), triglycerides, insulin. C-peptide, fibrinolytic 
variables, blood flow or body weight (Tables 1 & 2). 
Uric acid, blood lactate and excretion of sodium, 
adrenaline, noradrenaline and Cortisol were also 
unaffected by treatment. 

The mean arterial blood pressure was negatively 
correlated to the glucose disposal rate (r = -0.43: 
P<0.05l during the placebo period despite the 
rather normal insulin sensitivity. Glucose disposal 
rate was positively correlated to mean blood floiv in 
the limbs (r = 0.44; P < 0.05) based on data from 
the placebo period (Fig. 2). 

When comparing metformin with metoprolol CR, 
significantly lower levels of blood glucose, plasma 
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r= 0.44 
P<0.05 




^ 0 2 4 6 8 10 12 14 
Glucose disposal rate (mg kg BW-'mln" 1 ) 

Fig. 2 Relation between glucose disposal rate and mean blood 
flow in the limbs during the placebo treatment period (n =17); 
one subject is missing due to a technical error in the 
pletysmograph. 

insulin, triglycerides, t-PA antigen, PAI-1 antigen 
and higher HDL-eholesterol levels were seen during 
the metformin period (Tables ] & 2). 
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A tablet count indicated a good compliance of all 
participants. One patient suffered from vomiting 
during the initial 3 days of the placebo period and 
one patient had softer stools during the first week of 
metformin treatment 



Discussion 

The positive effect of metformin on glucose uptake 
and blood pressure In our previous pilot study [5] 
could not be reproduced in these men with a history 
of essential hypertension. However, the men in the 
present study selected on the basis of having an 
established and treated hypertension were neither 
clearly insulin resistant nor did they have high blood 
pressure during the placebo or the other treatment 
periods. Their glucose uptake was about twice that of 
the weight-matched men in our previous study [5]. 
The glucose uptake increased by 21% during met- 
formin treatment in that study. Hence, the initial 
normal Insulin sensitivity might be an explanation 
for the lack of effect of metformin on the glucose 
disposal rate and, thereby, also its inability to lower 
the blood pressure as seen in the present study. In 
addition, although the hypertensive individuals were 
selected on the basis of chronic antihypertensive 
therapy, the low blood pressure seen during the 
placebo period raises the question of whether they 
were all truly hypertensive. Physical activity, body 
composition and the calculated insulin effect during 
the clamp were similar and cannot explain the 
differences in insulin sensitivity. Fasting plasma 
insulin did not differ but C-peptide was even higher in 
these men compared to those in the pilot study [5]. 
The blood lipid levels In all men of the present study 
were normal and lower than in the men of the pilot 
study [5]. Similar Lp(a) levels in both studies exclude 
factors linked to the Lp(a) gene as an explanation of 
the metabolic differences. 

The lower C-peptide levels seen during the met- 
formin period In the absence of an increased insulin 
sensitivity might mirror a direct effect on hepatic 
blood flow and clearance. A lipid-lowering effect of 
metformin without effects on glucose levels has also 
been reported earlier [16-17]. One explanation for 
this might be a direct effect of metformin on lipid 
synthesis in the liver; Another explanation is that 
metformin may have influenced insulin action on 
some metabolic variables but not on others. It is well 
known that, for instance, the antilipolytic effect is 



extremely sensitive to insulin, whilst glucose uptake 
requires higher Insulin concentrations. Reduced free 
fatty acid levels in the face of unaltered plasma 
insulin as seen in these non-obese, non-diabetic men 
may be a reflection of this phenomenon. A direct 
effect of metformin on lipid oxidation is also possible 
[18]. 

Blood flow was found to be reduced by metformin 
treatment in a previous study of patients with 
peripheral artery disease [16]. However, no effect 
was seen in the present study of men with a normal 
peripheral circulation. Glucose disposal rate cor- 
related to blood flow in the present study and this has 
also been reported previously in obese subjects [19]. 
Furthermore, glucose disposal correlated to blood 
pressure. An effect of metformin on blood flow might 
thus have played a role in the finding of our previous 
study that the blood pressure was reduced [5]. 
Metoprolol CR did not Influence the blood flow in the 
limbs nor was glucose disposal rate changed. 

Treatment with metoprolol CR caused few negative 
metabolic effects in the present study. Increased FFA 
levels, indicating an increased lipolysis and/or im- 
paired eliminations by metoprolol, has been reported 
previously [20]. It is notable that 1 1 men had beta- 
blocker treatment for 8 years before the random- 
ization and still had normal cholesterol and tri- 
glyceride levels. Previous studies have reported a 
farther impairment of glucose and lipid metabolism 
as well as Insulin sensitivity in hypertensive indi- 
viduals treated with beta-blocking agents [6-8]. 
However, these studies included several overweight 
subjects who were Insulin resistant even before 
treatment was started [6-8]. The men in the present 
study had similar mean body mass indexes to the 
average, age-matched healthy men in Scandinavia 
[21]. Their glucose and lipid levels were within the 
range defined as not pathologically elevated and, 
hence, did not exhibit the characteristics of a 
'metabolic syndrome' [22]. 

Fibrinogen and PAI-1 activity were higher in the 
present men than in normotensive individuals [4] 
and similar to those in weight-matched, untreated 
hypertensives [4-5]. The fibrinolytic activity was 
not affected either by metformin or metoprolol CR in 
the present study. In an earlier study, metoprolol was 
found to decrease PAI-1 activity, even within the 
normal range [23]. 

In a recent study It was found that PAI-1 
regulation is genotype-specific [24], Lp(a) is a 
genetic marker and an independent risk factor for 
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cardiovascular disease [25]. Lpla) also correlated to 
PAI-1 activity in the present study during placebo 
treatment (r = 0.54; P < 0.01 ; n = 13). Metformin 
did not affect Lpfa) levels in the pilot study (2 1 7 ± 147 
vs. 200 + 141 tug l" 1 : P>0.05) despite markedly 
unproving glucose and lipid metabolism. Also in the 
present study, no significant change in PA1-1 activity 
was found, which might be explained by both the 
unaltered Lp(a), with its plasminogen structure 
homology (26), and the unchanged insulin levels. 
Significantly lower insulin, triglycerides, PAH anti- 
gen and t-PA antigen levels but an unchanged 
glucose disposal rate were seen during metformin 
treatment when compared to metoprolol CR in the 
present study. Thus, in more pronounced hyper- 
insulinaemic and hypertensive subjects metformin, 
rather than metoprolol, could possibly exert bene- 
ficial effects on fibrinolysis. Metformin decreased both 
PAI-1 activity and insulin levels in obese subjects 
[27]. 

The potasslum-spartng effect of metformin can be 
an effect of a decreased sodium absorption in the 
distal tubuli. This mechanism is thought to be 
modulated by insulin [28]. 

In conclusion, the present study shows that all 
individuals treated for hypertension are not insulin 
resistant or hyperinsulinaemic which is in accord- 
ance with a recent publication [29], However, a 
correlation between blood pressure and glucose 
disposal rate was still found in the present study. The 
lack of effect of metformin on glucose uptake and 
blood pressure might be explained by both the normal 
Insulin sensitivity and the fairly normal blood press- 
ure in these individuals even during the placebo 
period. Furthermore, treatment with metoprolol CR 
only produced slight metabolic side-effects in these 
insulin-sensitive hypertensives. Hence, a potentially 
Important role of insulin resistance in hypertension 
in some individuals still persists and specifically 
treating insulin resistance in these cases might be 
beneficial for blood flow, blood pressure as well as 
several other important risk factors for cardiovascu- 
lar disease. 

Acloiovvledgements 

This study was supported by Astra Hassle AB 
(MolndaL Sweden ) and the Coteborg Medical Society. 
We thank 0. K. Andersson MD, G. Holm Mt>, Carola 
Gustafsson, Marie-Louise Norberg and Kaisa Tor- 
stensson for excellent technical assistance. 



References 

1 Ferraunini E, Buzaigoli fl, Ronadorma R, Olorlco MA, Olegglnl 
M, Grazladcl L, Pedrinelli R, Brandl L, Bevllurqua S. Insulin 
resistance in essential hypertension. .\' Engl Med 19S7; 317: 
350-57. 

2 Sheil DC, Shieh SM, Full MMT, Wu DA, Chen YDI, Reaven 
CM. Resistance to Insulln-stlmulated-glucose uptake In 
patients with hypertension. / Clin Indomno! Sletab 1983 : 66: 
580-83. 

3 Pnllare T, l.ithell H, Kerne 0. insulin resistance Is a charac- 
teristic feature of primary hypertension Independent of obesity. 
Metabolism .1990: 39: 167-74. 

4 Lundln K, Tengborn L, Smith U. Elevated fibrinogen and 
plasminogen nctlvntor Inhibitor (PAI-1 ) In hypertension are 
related to metabolic risk factors for cardiovascular disease. 
/ Intern Med 1 990: 227: 273-8. 

5 Laniiin K. Tengborn L, Smith U. Treating insulin resistance In 
hypertension with metformin reduces both blood pressure und 
metabolic risk factors. ; Intern Med 1991; 229: 181-7. 

6 Bengtsson C, Bluhrne C, Lapldus L. Do antihypertensive drugs 
precipitate diabetes? Br M,-d ) 1984; 289: 1495-7. 

7 Pollare T. Lithell H, Selinus I, Borne C. Sensitivity to Insulin 
during treatment with utenolol and metoprolol: a randomized, 
double blind study of effects on carbohydrate and lipoprotein 
metabolism in hypertensive patients. Br Med J 19S9: 298: 
1152-7. 

8 Lithell HOL. Effect of antihypertensive drugs un Insulin, glucose 
and lipid metabolism. Diabetes Care 1991 : 14: 203-9. 

9 Forbes GB. Gallup J. Hursh JB. Estimation of total body fat from 
potasslum-40 content. S'rieiicv? 1961; 133: 101-102, 

10 Seller, L, Wu WT. Sepiiration of serum high-density lipo- 
protein for cholesterol determination: ultracentrlfugatlon vs. 
precipitation with sodium phosphotungstute Hnd magnesium 
chloride. Clin Chem 1981 ; 2": 838-41. 

11 Frledeivald WT, Levy HI, Fredrlckson DS. Estimation of the 
concentration oflow-dcnsity lipoprotein cholesterol in plasma, 
without use of the preparative ultracentrll'uge. Clin Clivin 
1972; 1: 499-502. 

12 DeFronzo RA, Tobin [D, Andres R. Klucnse clamp technique: 
a method for quantifying Insulin secretion and resistance. Am 
1 Physiol 1979; 237: E214-23. 

13 Landin K, Uinnroth P, Krotkieivsk! M, Holm G, Smith U. 
Increased insulin resistance and fat cell llpolysis In obese but 
not lean women with a high waist/hip ratio. Eur I Clin Invest 
1990; 20: 530-35, 

14 Nllsson IM, Oloiv B. Determination of fibrinogen and flbriuo- 
genolytic activity. Thromb Dlathes Haemmrh 1962: 8: 297- 
310. 

15 von Euler US, Ushajko F. Tiie estimation of catecholamines In 
urine. Acta Physiol Stand 1959; 45: 1.22-32. 

3 6 Sirtorl CR, Frnnceschlui G, Gianfruncesehi G. Sirtorl M. 
Montauurl G, Boslslo E, Mantero E, Bondioll A. Metformin 
improves peripheral vascular flow in nonhyperlipidemic 
patients with arterial disease. / Card Pharmacol 1984: 6: 
914-23. 

J 7 Rains SGH, Wilson GA, Richmond W, EUceles RS. The 
reduction oflow density lipoprotein cholesterol by metformin 
Is maintained with long-term therapy. / Roy Sue Med 1989; 
82:93-4. 

1 8 Sparre Hermann L, Melander A. Blguanicies : basic aspects and 
clinical uses, in: Albertl KGMM, DeFronzn RA, ZlmmetP, eds. 



18069302 



METFORMIN & METOPROLOL TREATMENT 341 



International Textbook of Diabstes Mellitus. New York: John 
Wiley & Sons Ltd. 1992: 773-95. 

19 Laakso M, Edelman SV. Brechtel G. Baron AD. Decreased effect 
of insulin to stimulate skeletal muscle blood flow in obese men. 
A novel mechanism for Insulin resistance. / Clin Invest 1990; 
8S: 1844-52. 

20 Wahrenberg H. Amer P. Engfeldt P, Haglund K. Rossner S. 
Ostman (. Long-term ^-selective adrenergic blockade and 
adrenergic receptors in human subcutaneous adipocytes. Acta 
Med Scand 1985: 217: 539-36. 

21 Waaler HT. Height, weight and mortality. The Norwegian 
experience. Acta Afed Scand 1984: 215 (Suppl. 679): 1-56. 

22 Reaven GM. Role of ln<nilin resistance in human disease. 
Dlabites 1988: 37: 1595-607. 

23 Teger-Nilsson A-C, DahlSf C. Kaglund E, Hedman C. Olsson G. 
Ablad B. Influence of metoprolol CR/ZOC on plasminogen 
activator inhibitor (PAI-1) la man: a pilot study. / Clin 
Pharmacol 1990: 30 (Suppl.): S132-7. 

24 Dawson S. Hamsten A, Wlman B, Henney A. Humphries S. 
Genetic variation at the plasminogen activator inhibitor- 1 
locus Is associated with altered levels of plasma plasminogen 
activator inhlbitor-1 activity. Artertoscler Tliromb 1991; 11: 
183-90. 



25 Rosengren A, Wilhelmsen I. Eriksson E, Rlsberg B, Wedel H. 
Lipoprotein! a) and coronary heart disease: a prospective case- 
control study in a general population sample of middle-aged 
men. Br Med J 1990: 301: 1248-51. 

26 McLean JW, Tomlinson JE. Kuang WJ. Eaton DL, Chen BY, 
Floss CM. Scanu AM. Lawn RM. cDNA sequence of human 
apollpoproteln(a) is homologous to plasminogen. Nature 
1987: 330: 132-7. 

27 Vague P, Juhan-Vague L Alessi MC. Badier C. Valadier J. 
Metformin decreases the high plasminogen activator inhibi- 
tion capacity, plasma inmiin and triglyceride levels in non- 
diabetic obese subjects. Thromb Haemostas 1987: 57: 326-8. 

28 DeFronzo RA, Cooke CR. Andres R, Faloona GR. Davis PJ. The 
effect of insulin on renal handling of sodium, potassium, 
calcium, and phosphate in man. } Clin Invest 1975; 55: 
845-55. 

29 Muller DC, Elahi D. Pratley RE. Tobin JD. Andres R. An 
epidemiological test of the hyperinsulinemla-hypertension 
hypothesis. J Clin Endocrinol Afctafc 1993; 76: 544-8. 

Received 20 September 1993. accepted 24 September 1993. 

Correspondence: Kersttn Landin MD. Department of Medicine, 
Sahlgrenska Hospital, S-413 45 G6teborg, Sweden. 



.Access D8# 



SEARCH REQUEST FORM 

Scientific and -Technical Information Center 



Requesters Full Name: S'^/J/ZfcKfy' Examiner # : 7 7<p5~/ Date: /Ao/oo 

Art Unit: /^V? Phone Number S Og'-.r??? Serial Number: OykV? At ' 

Mail Box and Bldg/Room Location: Veiz /rAtf Results Format Preferred (circle): PAP~BR DISK E-MAIL 

If more than one search is submitted, please prioritize searches in order of need. 
********************************************************************* 

Please provide a detailed statement of the search topic, and describe as specifically as possible the subject matter to be searched. 
Include the elected species or structures, keywords, synonyms, acronyms, and registry numbers, and combine with the concept or 
utility of the invention. Define any terms that may have a special meaning. Give examples or relevant citations, authors, etc, if 
known. Please attach a copy of the cover sheet, pertinent claims, and abstract. 

Title of Invention: f i/} r fj:/,f ,J.r I* /vw,i£;.-,v. si -,*4e <s> ^£,s~ * A /o ',■*<* L 4:-r., 

Inventors (please provide full names): >*A^/,y ■gsMC 



fact*. -J:« k/M; C^-,^/, KlM ' l/ rr -.^L„ ktiav./^ k 



Earliest 



Priority Filing Date: 0 / 



M 



* For Sequence Searches Only* Please include all pertinent information (parent, child, divisional, or issued patent numbers) along with the 
appropriate serial number. /: 



IS 



UJ- 



t> r — - — „ . - J. / / jj V ^^^x^^&^'^^ p ^ 



"V7 
ff 




I 



/ 



Point of Contact 
Mary Hale 
Technical Info. Spscialist 
CM i 12D16 Tel: 303-4258 



4 



IS 



***********************^*************************************^ 
STAFF USE ONLY Type of Search 

Searcher: '^LA f'J( // /, n a Sequence (#) STN . 



r*.ScarcaerPhone.#: _ 
Searcher Location: 



Date Searcher Picked Up: 
Date Completed: 



1 \ ■ J " 

Searcher Prep & Review Time: \ > 

Clerical Prep Time: 

Online Time: ^-M 



NA Sequence (#)_ 
AA Sequence (#)_ 
. Structure (#) _J 
Bibliographic _£ 

Litigation 

Fulltext 

Patent Family 



Vendors and cost where applicable 



Dialog _ 



,Questel/Orbit_ 
Dr.Link 



Lexis/Nexis 



Other 



Sequence Systems _ 

WWW/lntemet 

Other (specify) 



PTO-1590 (1-2000) 



What is claimed is: 



1. A lipophilic microparticle having an average 
particle size ranging from 0 . 1 to 200 pm, comprising a 
lipophilic substance and an active ingredient selected from 
the group consisting of a protein or peptide drug and an 
antigen. 

2. The lipophilic microparticle of claim 1, wherein 
the average particle size is in the range of 1 to 50 /im. 

3. The lipophilic microparticle of claim 1, wherein 
the drug is selected from the group consisting of human 
growth hormone, bovine growth hormone, porcine growth 
hormone, growth hormone releasing hormone, growth hormone 
releasing peptide, granulocyte-colony stimulating factor, 
granulocyte macrophage-colony stimulating factor, 
macrophage -colony stimulating factor, erythropoietin, bone 
morphogenic protein, interferon, insulin, atriopeptin-III , 
monoclonal antibody, tumor necrosis factor, macrophage 
activating factor, interleukin, tumor degenerating factor, 
insulin-like growth factor, epidermal growth factor, tissue 
plasminogen activator and urokinase. 

4. The lipophilic microparticle of claim 1, wherein 
the antigen is obtained from: one or more pathogens selected 
from the group consisting of adenovirus type 4&7, hepatitis 
A virus, hepatitis B virus, hepatitis C virus, influenza A 
& B virus, Japanese B encephalitis virus, measles virus, 
epidemic parotitis virus, rubella virus, polio virus, 
hydrophobia virus, chickenpox virus, yellow fever virus and 
human immunodeficiency virus; one or more pathogens selected 
from the group consisting of Bordetella pertussis , Borrelia 
burgdorferi , enterotoxigenic Escherichia coli, Haemophilus 
influenza type b, Mycobacterium leprae, Mycobacterium 
tuberculosis . Neisseria meningitidis A & C, Neisseria . 
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40 



m eningitidisB ( P^udomonaB aeruginosa, Pseudomonas cepacia, 
salmonella typhi, Shigella spp., Stre ptococcus pnej^oniae 
and Vibrio cholerae; one or more pathogens selected from the 
group consisting of Hoccidiodes immitis , T.eishmania sp. and 
Plasmodium sp. ; or one or more pathogens responsible for the 
disease selected from the group consisting of bovine 
blackleg, bovine epidemic fever, bovine anthrax, bovine 
Akabane's disease, bovine foot-and-mouth disease, bovine 
mammitis, bovine infectious nasotracheal inflammation, 
bovine viral diarrhea, bovine infectious gastroenteritis, 
porcine cholera, porcine epidemic diarrhea, porcine atrophic 
gastritis, porcine disease caused by pavovirus, porcine 
enteritis caused by rotavirus, chicken Newcastle disease, 
chicken Marek's disease, chicken encephalomyelitis, rabies, 
dog distemper, dog enteritis caused by parvovirus and dog 
infectious hepatitis, the antigen being an attenuated, 
killed or recombinant antigen; or DNA, RNA, plasmid, CpG DNA 
or oligonucleotide extracted from the pathogen. 

5. The lipophilic microparticle of claim 1, wherein 
the lipophilic substance is selected from the group 
consisting of a lipid, a lipid derivative, a fatty acid, a 
fatty acid derivative, a wax and a mixture thereof. 

6. The lipophilic microparticle of claim 5, wherein 
the lipid is lecithin, phosphatidylcholine, 
phosphatidylehanolamine or phosphatidylserine, and the lipid 
derivative is arachidoyl phosphatidylcholine or stearoyl 
phosphatidylcholine . 

7. The lipophilic microparticle of claimJS, wherein 
the fatty acid is myristic acid, palmitic acid or stearic 
acid, and the fatty acid derivative is glyceryl stearate, 
sorbitan palmitate, sorbitan stearate, sorbitan monooleate 
or polysorbate. 
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8. The lipophilic microparticle of claim^l, which 
further comprises hyaluronic acid or an inorganic salt 
thereof . 

9. The lipophilic microparticle of claim 8, wherein 
the inorganic salt of hyaluronic acid is sodiuirf Hyaluronate , 
potassium hyaluronate, ammonium hyaluronate, calcium 
hyaluronate, magnesium hyaluronate, zinc hyaluronate or 
cobalt hyaluronate. 

10. The lipophilic microparticle of any one of claims 
1 and 8, which further comprises a water-soluble excipient. 

ji 11. The lipophilic microparticle of claim 10, wherein 

| 15 the water-soluble excipient is selected fron" group 

S consisting of a carbohydrate, a protein, an amino acid, a 

£ fatty acid, an inorganic salt, a surfactant, poly (ethylene 

^ glycol) and a mixture thereof. 



10 



20 



12. A dispersion formulation prepared by dispersing 
the lipophilic microparticle of any one of claims^l, 8 and 

□ 10 in a lipophilic medium. 

13. The dispersion formulation of claitn 12, wherein 
25 the lipophilic medium is an edible oil,- mineral oil, 

squalene, squalane, cod liver oil, mono-, di- or 
triglyceride, or a mixture thereof. 

14. The dispersion formulation of claim 13, wherein 
3 0 the edible oil is corn oil, olive oil", --soybean oil, 

saf flower oil, cotton seed oil, peanut oil, sesame oil, 
sunflower oil or a mixture thereof. 

15. The dispersion formulation of claim 12, wherein 
3 5 the lipophilic medium further comprises a dispersing agent 

or a preservative. 
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16. The dispersion formulation of any one of claimsj,2 
and 15, which is used for injection or oral administration. 

17. An oil-in-water emulsion formulation comprising an 
5 aqueous injection medium and the dispersant formulation of 

claim 12 . 

18. The oil-in-water emulsion formulation of claim 17, 
wherein the aqueous injection medium is distilled water or 

10 a buffered solution. 

19. The oil-in-water emulsion formulation of claim 17, 
wherein the active ingredient is an antigen and the -aqueous 
injection medium further comprises a second antigen. 



15 



20. An aerosol formulation comprising the lipophilic 
microparticle of any one of claims 1 to 11. 
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Abstract 



A lipophilic microparticle having an average particle 
size ranging from 0 . 1 to 200 /zm, comprising a lipophilic 
5' substance and an active ingredient selected from the group 
consisting of a protein or peptide drug and an antigen, 
retains the full activity of the active ingredient, and when 
formulated in the form of an oil dispersion or oil-in-water 
emulsion, it releases in an in vivo environment the active 
10 ingredient in a controlled manner over a long period. 



=> s lipophilic microparticle? or lipid or fatty acid or wax or lecithin or 
phosphatidylcholine or phosphatidylethanolamine or phosphatidylserine or 
arachidoyl phosphatidylcholine or stearoyl phosphatidylcholine 

LI 272569 FILE MEDLINE 

L2 4 63541 FILE CAPLUS 

L3 329800 FILE BIOSIS 

L4 217199 FILE EMBASE 

L5 103174 FILE WPIDS 

L6 80788 FILE JICST-EPLUS 

TOTAL FOR ALL FILES 

L7 1467071 LIPOPHILIC MICROPARTICLE? OR LIPID OR FATTY ACID OR WAX OR 

LECIT 

HIN OR PHOSPHATIDYLCHOLINE OR PHOSPHATIDYLETHANOLAMINE OR 

PHOSPH 

ATIDYLSERINE OR ARACHIDOYL PHOSPHATIDYLCHOLINE OR STEAROYL 

PHOSP 

HATIDYLCHOLINE 

=> s myristic acid or palmitic acid or stearic acid or glyceryl stearate or 
sorbitan palmitate or sorbitan stearate or sorbitan monooleate or polysorbate 
or hyaluronic acid or sodium hyaluronate or potassiu, hyaluronate or ammonium 
hyaluronate or calcium hyaluronate or magnesium hyaluronate 

L8 23166 FILE MEDLINE 

L9 62705 FILE CAPLUS 

L10 17512 FILE BIOSIS 

Lll 21513 FILE EMBASE 

L12 14540 FILE WPIDS 

L13 3148 FILE JICST-EPLUS 



TOTAL FOR ALL FILES 

L14 142584 MYRISTIC ACID OR PALMITIC ACID OR STEARIC ACID OR GLYCERYL 

STEAR 

ATE OR SORBITAN PALMITATE OR SORBITAN STEARATE OR SORBITAN 

MONOO 

LEATE OR POLYSORBATE OR HYALURONIC ACID OR SODIUM HYALURONATE 
OR POTASSIU, HYALURONATE OR AMMONIUM HYALURONATE OR CALCIUM 
HYALURONATE OR MAGNESIUM HYALURONATE 

=> s zinc hyaluronate or cobalt hyaluronate 



L15 
L16 
L17 
L18 
L19 
L20 



1 FILE MEDLINE 

9 FILE CAPLUS 

1 FILE BIOSIS 

1 FILE EMBASE 

4 FILE WPIDS 

0 FILE JICST-EPLUS 



TOTAL FOR ALL FILES 

L21 16 ZINC HYALURONATE OR COBALT HYALURONATE 



=> s (17 or 114 or 121) and ((human or bovine or porcine) (w)hormone or growth 
hormone releas? (w) (hormone or peptide) or granulocyte (w) (colony stimulat? or 
macrophage colony) (w) stimulat? fac.tor._or_ 
antibod?) 



nulat? factor or interferon or insulin or monoclonal 
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L22 22885 FILE MEDLINE 

L23 18604 FILE CAPLUS 

L24 19000 FILE BIOSIS 

L25 . 20589 FILE EMBASE 

L26 1139 FILE WPIDS 

L27 4 322 FILE JICST-EPLUS 



TOTAL FOR ALL FILES 

L28 86539 (L7 OR L14 OR L21) AND ( (HUMAN OR BOVINE OR PORCINE) (W) 

HORMONE 

OR GROWTH HORMONE RELEAS? (W) (HORMONE OR PEPTIDE) OR 

GRANULOCYTE ( 

W) (COLONY STIMULAT? OR MACROPHAGE COLONY) (W) STIMULAT? FACTOR 
OR INTERFERON OR INSULIN OR MONOCLONAL ANT I BOD? ) 

=> s (17 or 114 or 121) and (tumor necrosis or macrophage activat? or tumor 
degenerat? or epidermal growth factor or tissue plasminogen activator or 
urokinase) 



L29 3147 FILE MEDLINE 

L30 3066 FILE CAPLUS 

L31 2805 FILE BIOSIS 

L32 3600 FILE EMBASE 

L33 238 FILE WPIDS 

L34 488 FILE JICST-EPLUS 



TOTAL FOR ALL FILES 

L35 13344 (L7 OR L14 OR L21) AND (TUMOR NECROSIS OR MACROPHAGE ACTIVAT? 

OR TUMOR DEGENERAT? OR EPIDERMAL GROWTH FACTOR OR TISSUE 

PLASMIN 

OGEN ACTIVATOR OR UROKINASE) 

=> s (128 or 135) and (antigen or adenovirus tyoe(w) (4 or 7) or hepatitis or 
influenza or japanese b encephalitis or (measle or epidemic parotitis or 
rubella or polio or hydrophobia or chickenpox or yellow fever or human 
immunodef icienc?) (w) virus) 



L36 1902 FILE MEDLINE 

L37 1613 FILE CAPLUS 

L38 1110 FILE BIOSIS 

L39 2078 FILE EMBASE 

L40 251 FILE WPIDS 

L41 644 FILE JICST-EPLUS 



TOTAL FOR ALL FILES 

L42 7598 (L28 OR L35) AND (ANTIGEN OR ADENOVIRUS TYOE(W) (4 OR 7) OR 

HEPAT 

ITIS OR INFLUENZA OR JAPANESE B ENCEPHALITIS OR (MEASLE OR 

EPIDE 

MIC PAROTITIS OR RUBELLA OR POLIO OR HYDROPHOBIA OR CHICKENPOX 
OR YELLOW FEVER OR HUMAN IMMUNODEFICIENC? ) (W) VIRUS) 

=> s (128 or 135) and (bordetell? pertuss? or borrel? burgdorf? or 
escherichia coli or haemophilus influenza or mycobacter? lepra? or 
mycobacter? tuberculos? or neisser^ meningitid'? or pseudomonas aeruginos? or 
pseudomonas cepaci? or saSfiSRIIii fe^pMi 8r 1 §hf g§Ili?°or streptococc? pneSmSfi?? 



L43 526 FILE MEDLINE 

L44 485 FILE CAPLUS 

L45 447 FILE BIOSIS 

L4 6 436 FILE EMBASE 

L47 31 FILE WPIDS 

L48 91 FILE JICST-EPLUS 

TOTAL FOR ALL FILES 

L49 2016 (L28 OR L35) AND (BORDETELL? PERTUSS? OR BORREL? BURGDORF? OR 

ESCHERICHIA COLI OR HAEMOPHILUS INFLUENZA OR MYCOBACTER? 

LEPRA? 

OR MYCOBACTER? TUBERCULOS? OR NEISSER? MENINGITID? OR 

PSEUDOMONA 

S AERUGINOS? OR PSEUDOMONAS CEPACI? OR SALMONELLA TYPHI OR 

SHIGE 

LLA? OR STREPTOCOCC? PNEUMON?) 

=> s (128 or 135) and (vibrio choler? or coccidiode? immit? or leishman? or 
Plasmodium or bovine (w) (blackleg or epidemic fever or anthrax or akabane? or 
foot mouth or mammitis or infectious nasotracheal inflam? or viral 
diarrhea) (w) disease) 



L50 64 FILE MEDLINE 

L51 88 FILE CAPLUS 

L52 67 FILE BIOSIS 

L53 8 9 FILE EMBASE 

L54 20 FILE WPIDS 

L55 5 FILE JICST-EPLUS 

TOTAL FOR ALL FILES 

L56 333 (L28 OR L35) AND (VIBRIO CHOLER? OR COCCIDIODE? IMMIT? OR 



LEISHM 

AN? OR PLASMODIUM OR BOVINE (W) (BLACKLEG OR EPIDEMIC FEVER OR 
ANTHRAX OR AKABANE? OR FOOT MOUTH OR MAMMITIS OR INFECTIOUS 
NASOTRACHEAL INFLAM? OR VIRAL DIARRHEA) (W) DISEASE) 

=> s (128 or 135) and (porcine (w) (cholera or epidemic diarrhea or atrophic 
gastritis or disease) or pavovirus or chicken newcastle or chicken marek? or 
chicken encephalomyelit? or rabies or dog(w) (enteritis or distemper)) or 

MISSING TERM AFTER ) OR 

Operators must be followed by a search term, L-number, or query name. 

=> s (128 or 135) and (porcine (w) ( cholera or epidemic diarrhea or atrophic 
gastritis or disease) or pavovirus or chicken newcastle or chicken marek? or 
chicken encephalomyelit? or rabies or dog(w) (enteritis or distemper)) 



L57 4 FILE MEDLINE 

L58 13 FILE CAPLUS 

L59 7 FILE BIOSIS 

L60 5 FILE EMBASE 

L61 8 FILE WPIDS 

L62 1 FILE JICST-EPLUS 



TOTAL FOR ALL FILES 
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L63 38 (L28 OR L35) AND (PORCINE (W) (CHOLERA OR EPIDEMIC DIARRHEA OR 

ATROPHIC GASTRITIS OR DISEASE) OR PAVOVIRUS OR CHICKEN 

NEWCASTLE 

OR CHICKEN MAREK? OR CHICKEN ENCE PHALOMYELI T ? OR RABIES OR 
DOG (W) (ENTERITIS OR DISTEMPER)) 

=> s (163 or 156 or 149 or 142) and (water soluble or carbohydrate or protein 
or amino acid or fatty acid or inorganic salt or surfactant or polyethylene 
glycol) 

L64 1400 FILE MEDLINE 

L65 1215 FILE CAPLUS 

L66 716 FILE BIOSIS 

L67 1319 FILE EMBASE 

L68 198 FILE WPIDS 

L69 423 FILE JICST-EPLUS 

TOTAL FOR ALL FILES 

L70 5271 (L63 OR L56 OR L49 OR L42) AND (WATER SOLUBLE OR CARBOHYDRATE 

OR PROTEIN OR AMINO ACID OR FATTY ACID OR INORGANIC SALT OR 
SURFACTANT OR POLYETHYLENE GLYCOL) 

=> s 170 and ( (edible or mineral or cod liver or corn or olive or soybean or 
saf flower or cotton seed or peanut or sesame or sunflower) (w) oil or squalene 
or squalane or ?triglyceride?) 

L71 115 FILE MEDLINE 

L72 70 FILE CAPLUS 

L73 59 FILE BIOSIS 

L74 • 115 FILE EMBASE 

L75 11 FILE WPIDS 

LEFT TRUNCATION IGNORED FOR 1 ?TRIGLYCERIDE? ' FOR FILE 'JICST-EPLUS' 

L76 16 FILE JICST-EPLUS 

TOTAL FOR ALL FILES 

L77 386 L70 AND ((EDIBLE OR MINERAL OR COD LIVER OR CORN OR OLIVE OR 

SOYBEAN OR SAFFLOWER OR COTTON SEED OR PEANUT OR SESAME OR 

SUNFL 

OWER) (W) OIL OR SQUALENE OR SQUALANE OR 7TRIGLYCERIDE? ) 
Left truncation is not valid in the specified search field in the 
specified file. The term has been searched without left truncation. 
Examples: ' 7TERPEN? ' would be searched as 'TERPEN?' and ' 7FLAVONOID ' 
would be searched as ' FLAVONOID. ' 

If you are searching in a field that uses implied proximity, and you 
used a truncation symbol after a punctuation mark, the system may 
interpret the truncation symbol as being at the beginning of a term. 
Implied proximity is used in search fields indexed as single words, 
for example, the Basic Index. 

=> s 177 and (oil dispers? or oil (2w) water or inject? or oral? or dispers?) 

L78 15 FILE MEDLINE 

L7 9 20 FILE CAPLUS 

L80 9 FILE BIOSIS 

L81 27 FILE EMBASE 
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L82 
L83 



8 FILE WPIDS 

0 FILE JICST-EPLUS 



TOTAL FOR ALL FILES 

L84 79 L77 AND (OIL DISPERS? OR OIL(2W) WATER OR INJECT? OR ORAL? OR 

DISPERS?) 

=> dup rem 184 

PROCESSING COMPLETED FOR L84 

L85 53 DUP REM L84 (26 DUPLICATES REMOVED) 

=> d 1-53 cbib abs;s kirn m?/au,in;s kim s?/au,in;s kwon k?/au,in;s kirn 
j ?/au, in 



L85 ANSWER 1 OF 53 CAPLUS COPYRIGHT 2001 ACS DUPLICATE 1 

2000:493356 Document No. 133:125288 Lipophilic 
microparticles containing a protein drug or 

antigen and formulation comprising same for controlled release. 
Kim, Myung Jin; Kim, Sun Jin; Kwon, Kyu Chan; Kim, Joon (LG Chemical 
Limited, S. Korea). PCT Int. Appl . WO 2000041682 Al 20000720, 49 pp. 
DESIGNATED STATES: W: AU, BG, BR, CA, CN, HU, ID, IL, IN, JP, MX, NZ, 

PL, 

SG, TR, US, ZA; RW: AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE. (English). CODEN: PIXXD2 . APPLICATION: WO 
2000-KR25 

20000114. PRIORITY: KR 1999-1232 19990118; KR 1999-59776 19991221. 
AB A lipophilic microparticle having an av. particle size 

ranging from 0.1 to 200 .mu.m, comprising a lipophilic substance and an 
active ingredient selected from the group consisting of a protein 
or peptide drug and an antigen, retains the full activity of the 
active ingredient, and when formulated in the form of an oil 
dispersion or oil-in-water emulsion, it 

releases in an in vivo environment the active ingredient in a controlled 
manner over a long period. 

L85 ANSWER 2 OF 53 CAPLUS COPYRIGHT 2001 ACS 

2000:259972 Document No. 132:293042 Encapsulation of sensitive liquid 

components into a matrix to obtain discrete shelf-stable particles. Van 
Lengerich, Bernhard H. (General Mills, Inc., USA). PCT Int. Appl. WO 
2000021504 Al 20000420, 56 pp. DESIGNATED STATES: W: AE, AL, AM, AT, 

AU, 



AZ, 


BA, 


BB, 


BG, BR, BY, 


CA, CH, 


CN, CU, 


CZ, 


DE, 


DK, 


EE, 


ES, FI, GB, GD, 


GE, 


GH, 


GM, 


HR, HU, ID, 


IL, IN, 


IS, JP, 


KE, 


KG, 


KP, 


KR, 


KZ f LC f LK, LR , 


LS, 


LT, 


LU, 


LV, MD, MG, 


MK, MN, 


MW, MX, 


NO, 


NZ, 


PL, 


PT, 


RO, RU, SD, SE, 


SG, 


SI, 


SK, 


SL, TJ, TM, 


TR, TT, 


UA, UG, 


US, 


UZ, 


VN, 


YU, 


ZA, ZW, AM, AZ, 


BY, 


KG, 


KZ, 


MD, RU, TJ, 


TM; RW: 


AT, BE, 


BF, 


BJ, 


CF, 


CG, 


CH, CI, CM, CY, 


DE, 


DK, 


ES, 


FI, FR, GA, 


GB, GR, 


IE, IT, 


LU, 


MC, 


ML, 


MR, 


NE, NL, PT, SE, 


SN, 


TD, 


TG. 


(English) . 


CODEN: 


PIXXD2. 


APPLICATION: WO 1999-US20905 



19991006. PRIORITY: US 1998-PV103700 19981009; US 1998-PV109696 
19981124; 

US 1999-233443 19990120. 
AB A liq. encapsulant component which contains an active, sensitive 

encapsulant, such as a live microorganism or an enzyme dissolved or 

dispersed in a liq. plasticizer is admixed with a plasticizable 
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matrix material. The matrix material is plasticizable by the liq. 
plasticizer and the encapsulation of the active encapsulant is 
accomplished at a low temp, and under low shear conditions. The active 
component is encapsulated and/or embedded in the plasticizable matrix 
component or material in a continuous process to produce discrete, solid 
particles. The liq. content of the liq. encapsulant component provides 
substantially all or completely all of the liq. plasticizer needed to 
plasticize the matrix component to obtain a formable, extrudable, 
cuttable, mixt. or dough. Removal of liq. plasticizer prior to extrusion 
is not needed to adjust the viscosity of the mixt. for formability. 
Release of an active component from the matrix may be delayed or 
controlled over time so that the active component is delivered when and 
where it is needed to perform its intended function. Controlled release, 
discrete, solid particles which contain an encapsulated and/or embedded 
component such as a heat sensitive or readily oxidizable 

pharmaceutical ly, 

biol., or nutritionally active component are continuously produced 

without 

substantial destruction of the matrix material or encapsulant. 
L85 ANSWER 3 OF 53 CAPLUS COPYRIGHT 2001 ACS 

2000:190953 Document No. 132:241914 Immunostimulant emulsions comprising 
polynucleotides. Haensler, Jean (Pasteur Merieux Serums Et Vaccins, 

Fr . ) . 

PCT Int. Appl. WO 2000015256 A2 20000323, 18 pp. DESIGNATED STATES: W: 
AE, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, 
DK, DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, 
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, 
UZ, VN, YU, ZA, ZW, AM, AZ, BY, KG, KZ, MD, RU, TJ, TM; RW: AT, BE, BF, 
BJ, CF, CG, CH, CI, CM, CY, DE, DK, ES, FI, FR, GA, GB, GR, IE, IT, LU, 
MC, ML, MR, NE, NL, PT, SE, SN, TD, TG. (French). CODEN: PIXXD2 . 
APPLICATION: WO 1999-FR2177 19990913. PRIORITY: FR 1998-11520 19980911. 
AB The invention concerns an oil-in-water immunostimulant 

emulsion comprising an aq. phase and an oil phase, characterized in that 
it further comprises an immunostimulant polynucleotide whereof at least 
part is covalently bound to at least a lipid mol . The invention 
also concerns a vaccine compn. comprising such an emulsion as 
immunoadjuvant . An immunostimulant emulsion was obtained by mixing 435 
.mu.L of a soln. of 2.3 g/L of oligonucleotide 3Db(S) (all 
phosphorothiolate linkages) conjugated with cholesterol with 2 mL of an 
emulsion of squalene/PBS . The immunostimulant efficacy of the 
emulsion was shown in guinea pigs. 

L85 ANSWER 4 OF 53 WPIDS COPYRIGHT 2001 DERWENT INFORMATION LTD 

AN 2000-505719 [45] WPIDS 

AB WO 200041740 A UPAB: 20000918 

NOVELTY - Particle (A) for oral delivery of a biopolymeric drug 
(I) (e.g. polypeptide, protein or nucleic acid), comprising a 
substrate having at least 1 reservoir containing (I) in releasable form 
and opening to 1 face of the substrate, which is coated with a 
mucoadhesive agent (II) for the attachment of (A) to the intestinal 

mucosa 

so that (I) is released directly into the lining, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 
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(1) an oral composition containing many (A); and 

(2) a microf abrication method comprising exposing a sheet of 
particle-forming material to a photoablative light source through a mask, 
so that a network pattern corresponding to the required shape and size of 
(A) is produced, and continuing exposure until (A) are formed. 

USE - (A) are used for the oral delivery of (I) to the 
intestines, e.g., the delivery of erythropoietin (for treating anemia), 
interferons (hepatitis) , interleukins (cancer) , 
insulin (diabetes mellitus) , calcitonin (osteoporosis) and 
antisense oligonucleotides (cancer, infections, inflammation) . 

ADVANTAGE - (II) ensure attachment to the intestines and their 

shape, 

size, density and composition can be adjusted to control contact with the 
gut wall. (A) are too large to undergo endocytosis by gut epithelial 

cells 

and they can be labeled for detection or visualization. They may also 
include penetration enhancers; protease inhibitors or agents that control 
release rate of (I), to improve bioavailability. 
Dwg. 0/8 

L85 ANSWER 5 OF 53 WPIDS COPYRIGHT 2001 DERWENT INFORMATION LTD 

AN 2000-349917 [30] WPIDS 

AB WO 200020027 A UPAB: 20000624 

NOVELTY - A method (I) for inducing immune responses against weakly 
immunogenic cell-associated peptide antigens (PA) such as those 
associated with cancers (i.e. self -proteins) (e.g. human PSM 
(undefined), Her2 and/or fibroblast growth factor (FGF) 8b), is new. 

DETAILED DESCRIPTION - A method (I) for inducing an immune responses 
against weakly immunogenic or non-immunogenic polypeptide antigens 
(PAs) in animals (including humans), comprising effecting simultaneous 
presentation by antigen producing cells (APCs) of the animals 
immune system of: 

(1) at least 1 CTL (cytotoxic T-lymphocyte) group derived from the 

PA 

and/or at least 1 B-cell group derived from the cell-associated PA; and 

(2) at least 1 first T helper cell group (TH1 group ) which is 
foreign to the animal. 

INDEPENDENT CLAIMS are also included for the following: 

(1) a method (II) for the selection of an immunogenic analog of a 
cell-associated PA that is weakly immunogenic or non-immunogenic which is 
capable of inducing an immune response in an animal against cell 
displaying MHC (major histocompatability complex) Class I (MHC-I) 
molecules bound to group derived from the cell-associated PA, comprising: 

(A) identifying a subsequence of the amino acid 

sequence of the cell-associated PA which does not contain known or 
predicted CTL groups; 

(B) preparing at least 1 punitively immunogenic analogs of the PA by 
introducing at least 1 TH group foreign to the animal in a position 

within 

the subsequence identified in step (A) ; and 

(C) selecting those analogs from step (B) which are verifiably 
capable of inducing a CTL response in the animal 

(2) a method (III) for the preparation of a cell that produces 
analogs of cell-associated PAs, comprising introducing a nucleic acid 
encoding the analog into a vector and transforming a suitable host cell 
(III) with the vector; 
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(3) a method (IV) for preparing analogs of cell-associated PAs 
comprising culturing the transformed host cell (III) under conditions 
suitable for expression of the protein and recovering the PA 

analog from the culture; 

(4) an analog (V) of human PSM (undefined) that is immunogenic in 
humans and comprises at least part of all known and predicted CTL and 
B-cell groups of PSM and includes at least 1 foreign TH group; 

(5) an analog (VI) of Her2 that is immunogenic in humans and 
comprises at least part of all known and predicted CTL and B-cell groups 
of Her2 and includes at least 1 foreign TH group; 

(6) an analog (VII) of human/murine FGF (fibroblast growth factor) 

8b 

that is immunogenic in humans and comprises at least part of all known 

and 

predicted CTL and B-cell groups of FGF 8b and includes at least 1 foreign 
TH group; 

(7) compositions comprising (V), (VI) and/or (VII) and an adjuvant; 

(8) nucleic acids ((VIII)-(X)) encoding (V), (VI) and/or (VII); 

(9) vectors ( (XI ) - (XIII ) ) comprising (VIII) -(X) (respectively); 

(10) a transformed cell (XIV) comprising (XI) -(XIII); 

(11) compositions for inducing production of antibodies against PSM, 
Her2 and FGF 8b, comprising (VIII) -(X) and/or (XI) -(XIII) and an 

adjuvant; 
and 

(12) a method for the preparation of the cell (XIV), comprising 
transforming a host cell with (VIII)- (X) or (XI) -(XIII). 

USE - (I) is used to stimulate immune responses to weakly, or 
non-immunogenic peptide antigens especially self 

proteins for the treatment of diseases associated with expression- 
of those antigens. If the PA is human PSM (undefined), (I) is 
used for the treatment of prostate cancer. If the PA is human fibroblast 
growth factor (FGF) 8b, (I) is used for the treatment of prostate cancer 
or breast cancer. If the PA is Her2, (I) is used for the treatment of 
breast cancer (claimed) . 
Dwg .0/6 

ANSWER 6 OF 53 WPIDS COPYRIGHT 2001 DERWENT INFORMATION LTD 
2000-430219 [37] WPIDS 
US 6071534 A UPAB: 20000807 

NOVELTY - Multivesicular liposome having non-concentric chambers with 
membranes distributed in a matrix is produced by dispersing a 
water in oil emulsion comprising a lipid component, aqueous 
component and a hydrochloride into a second aqueous component. 

DETAILED DESCRIPTION - Multivesicular liposome having non-concentric 
chambers with membranes distributed in a matrix is produced by: 

(1) forming a water-in-oil emulsion from a lipid component 
comprising an organic solvent, an amphipathic lipid and a 
neutral lipid lacking a hydrophilic head group and an aqueous 
component and which contains 10-500 mM hydrochloric acid, arginine 
hydrochloride, histidine hydrochloride, lysine hydrochloride and/or 
pyridine hydrochloride, and at least one biologically active substance; 

(2) dispersing the water-in-oil emulsion into a second 
aqueous component to form solvent spherules and 

(3) removing the organic solvent from the spherules to form the 

liposomes suspended in the second aqueous component. 

The concentration of hydrohalide is selected to modulate the in vivo 
Prepared by M. Hale 308-4258 Page 8 



L85 

AN 

AB 



release rate of the biologically active substance. 

USE - Useful for the controlled release of active agents 
encapsulated 

in the presence of a hydrochloride. The liposome is used to give 
prolonged 

and sustained in vivo exposure at a disease site of a therapeutic 
concentration of the active substance 

ADVANTAGE - The liposomes provide high encapsulation efficiency, 
controlled release rate, well defined, reproducible size distribution and 
adjustable internal chamber size and number. 
Dwg. 0/1 

L85 ANSWER 7 OF 53 WPIDS COPYRIGHT 2001 DERWENT INFORMATION LTD 

AN 2000-136656 [12] WPIDS 

CR 1998-387767 [33] 

AB US 6017513 A UPAB: 20000308 

NOVELTY - Mucosal administration of substances to mammals comprises 
contacting a mucosal surface with the substance in combination with 
Biovector core comprising natural polymer and/or its hydrolysate that is 
uncoated or partially or completely coated with no more than one layer 
comprising lipid compound covalently bonded to the core or an 
amphiphilic compound. 

ACTIVITY - Drug delivery. 

The delivery system is used for mucosal administration of substances 
to mammals (claimed) including therapeutic or prophylactic agents 
(radiopharmaceutical, analgesic, anesthetic, anorectic, anti-anemic, 
anti-asthmatic, anti-diabetic, antihistamine, anti-inflammatory, 
antibiotics, antimuscarinic, antineoplastic, antiviral, cardiovascular 
drug, CNS depressant, CNS stimulator, antidepressant, anti-epileptic, 
anxiolytic, hypnotic, sedative, anti-psychotic, beta blocker, hemostatic, 
hormone, vasodilator, vasoconstrictor, vitamin, vaccines against 
pathogens 

including bacteria, viruses, yeasts or fungi, specifically 
influenza virus (preferred) , cytomegalovirus, human 
immunodeficiency virus, papilloma virus, respiratory 
syncytial virus, poliomyelitis virus, pox virus, measles 
virus, arbor virus, Coxsackie virus, herpes virus, hantavirus, 
hepatitis virus, Lyme disease virus, mumps virus or rotavirus, 
Neisseria, Aerobacter, Pseudomonas, Porphyromonas, Salmonella, 
Escherichia, Pasteurella, Shigella, Bacillus, Helibacter (sic), 
Corynebacterium, Clostridium, Mycobacterium, Yersinia, Staphylococcus, 
Bordetella, Brucella, Vibrio or Streptococcus, Plasmodium, 
Schisostoma or Candida, diagnostic agents such as contrast or imaging 
agent e.g. that detect corneal irregularities or those labeled with 
detectable groups (radioactive, magnetic or fluorescent), small chemical 
molecules (organic, inorganic or organo-metallic molecules) or biological 
molecules (amino acid, oligopeptide, peptide, 
protein, glycoprotein, lipoprotein, proteoglycan, 
lipopolysaccharide, fatty acid, eicosanoid, 
lipid, triglyceride, phospholipid, glycolipid, 

nucleoside, nucleotide, nucleic acid, DNA molecule, RNA molecule, 

monosaccharide, oligosaccharide or polysaccharide) (claimed) as well as 

cytokines, growth factors, enzymes, antigens (including epitopes 

of antigens and haptens), antibodies, hormones, (natural and 

synthetic hormones and their derivatives), co-factors, receptors, 

enkephalins, endorphins, neurotransmitter s and nutrients such as 
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insulin, interferon ( alpha -, beta - or gamma -I FN) , 

interleukins (IL-1 to IL-15), interleukin receptors (IL-1 receptor), 

calcitonin, erythropoeitin, thrombopoietin, epidermal 

growth factor and insulin- like growth 

factor-1. It can also be used to detect irregularities within the 
respiratory tract, digestive tract, auditory canal, urethra, rectum or 



part of mammal with mucosal membrane and to deliver contrast agents for 
magnetic resonance imaging. 

Influenza hemagglutinin (HA) was delivered by Biovectors to 
female mice, with 5 mu g HA applied intranasally in ,20 or 50 mu 1 of 
phosphate-buffered saline solution or suspension, either alone or in 
Biovector formulation. One group of animals was subjected to light ether 
anesthesia, while the others were awake. Administration of 20 mu 1 on the 
outer nostrils of awake animals restricted the antigen to the 
upper respiratory tract. Volume of 50 mu 1 directly into the nostrils of 
anesthetized animals resulted in deposition of at least some 
antigen in the lower respiratory tract and lung as well as in the , 
nasal cavity. Four different Biovectors were used: (Q) positive and (P) 
negatively charged light Biovectors either re-suspended - (1Q) and (IP) - 
or dispersed (2Q) and (2P) . Influenza virus subunit 
antigen was either pre-loaded in the Biovectors or post-loaded 
(admixed immediately prior to administration) . Antigen alone was 
used as control (3) . Mice were sacrificed at day 28 and serum samples 

from 

the vena porta analyzed by direct enzyme-linked immunosorbent assay 
(ELISA) . Serum immunoglobulin G titers (geometric mean) determined as 
reciprocal of sample dilution corresponding to absorbance at 4 92 nm of 



above background were as follows in unanesthetized animals: (1Q) 
pre-loaded = 10, post-loaded = 20; (IP) pre-loaded = 400, post-loaded = 
30; (2Q) pre- and post-loaded = 2,000; (2P) pre- and post-loaded = 200, 
and as follows in anesthetized animals: (1Q) = 30; (IP) = 30; (2Q) 4,000; 
(2P) = 60. Control was 100 for unanesthetized animals and 200 in 
anesthetized animals. 

MECHANISM OF ACTION - None given. 

ADVANTAGE - The system is capable of delivering substances to 



(including humans) efficiently and avoiding disadvantages of the prior 
art. The carrier directs substances to the mucosa in a non-specific 
manner, is capable of being loaded with the substance immediately prior 



administration, is of a size susceptible to microf iltration for 
sterilization avoiding need for preservatives and it is stable for up to 
12 months, even one or more years. Biovectors have larger relative 
surfaces and volumes than larger microspheres or nanospheres and multiple 
substances can be delivered per Biovector. 
Dwg.0/11 
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2000178196 EMBASE The conformation of apolipoprotein A-I in high-density 
lipoproteins is influenced by core lipid composition and 
particle size: A surface plasmon resonance study. Curtiss L.K.; Bonnet 
D.J.; Rye K.-A.. L.K. Curtiss, Department of Immunology, Scripps Research 
Institute, 10550 North Torrey Pines Road, San Diego, CA 92037, United 
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2000. 
Refs: 33. 

ISSN: 0006-2960. CODEN: BICHAW. Pub. Country: United States. Language: 
English. Summary Language: English. 

AB Plasma high-density lipoproteins (HDL) are a heterogeneous group of 
particles that vary in size as well as lipid and apoprotein 
composition. The effect of HDL core, lipid composition and 
particle size on apolipoprotein (apo) A-I structure was studied using 
surface plasmon resonance (SPR) analysis of the binding of 

epitope-de fined 

monoclonal antibodies. The association and dissociation 

rate constants of 12 unique apo A-I-specific monoclonal 

antibodies for isolated plasma HDL were calculated. In addition, 

the association rate constants of the antibodies were determined for 

homogeneous preparations of spherical reconstituted HDL (rHDL) that 

contained apo A-I as the sole apolipoprotein and differed either in their 

size or in their core lipid composition. This analysis showed 

that lipoprotein size affected the conformation of domains 

dispersed throughout the apo A-I molecule, but the conformation of 

the central domain between residues 121 and 165 was most consistently 

modified. In contrast, replacement of core cholesteryl esters with 

triglyceride in small HDL modified almost the entire molecule, 

with only two key N-terminal domains of apo A-I being unaffected. This 

finding suggested that the central and C-terminal domains of apo A-I are 

in direct contact with rHDL core lipids. This immunochemical 

analysis has provided valuable insight into how core lipid 

composition and particle size affect the structure of specific domains of 

apo A-I on HDL. 
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2000473363 Document Number: 20416287. Dietary fat alters HIV protease 
inhibitor-induced metabolic changes in mice. Lenhard J M; Croom D K; 

Weiel 

J E; Spaltenstein A; Reynolds D J; Furfine E S. (Department of Metabolic 
Diseases, Glaxo Wellcome Incorporated, Research Triangle Park, NC 27709, 
USA. ) JOURNAL OF NUTRITION, (2000 Sep) 130 (9) 2361-6. Journal code: 
JEV. ISSN: 0022-3166. Pub. country: United States. Language: English. 
AB Human immunodeficiency virus (HIV) protease 

inhibitors (PI) may alter lipid metabolism in patients with 
acquired immunodeficiency syndrome (AIDS) . However, the influence of 
dietary fat on the metabolic effects of PI therapy remains unknown. AKR/J 
mice were fed high or low fat diets and treated with the PI indinavir 
(IDV) , nelfinavir (NFV) , saquinavir (SQV) or amprenavir (APV) by 
subcutaneous delivery for 2 wk. Serum concentrations of glucose, 
insulin, triglyceride, free fatty acid 

, glycerol, pancreatic lipase, bilirubin, alkaline phosphatase, blood 

urea 

nitrogen and PI, and interscapular and epididymal fat weights were 

determined. Some metabolic effects of PI were dependent on diet. IDV- and 

NFV-treated mice had greater serum glucose concentration and body weight; 

IDV-treated mice had lower serum insulin; NFV-treated mice had 

greater interscapular fat mass; and SQV treated mice had lower serum 

triglyceride concentration than control mice fed the low but not 

the high fat diet. In contrast, NFV- and IDV-treated mice had greater 

triglyceride concentration and blood urea nitrogen, and SQV 

treated mice had greater serum cholesterol than control mice fed the high 
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but not the low fat diet. The serum concentration of SQV was lower in 

mice 

fed the high fat compared with the low fat diet. Other effects were not 
dependent on diet. IDV- and NFV-treated mice had greater fatty 
acids, and IDV-treated mice had greater pancreatic lipase, 
bilirubin and alkaline phosphatase than control mice fed either diet. APV 
treatment had little effect on these serum measurements. Thus, changes in 
dietary fat can influence some but not all of the effects of PI on 
metabolism. Furthermore, each PI produces different effects in vivo, 
indicating that various PI affect distinct metabolic pathways. 
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2000322430 Document Number: 20322430. Effect of hyperglycemia and 
hyperlipidemia on atherosclerosis in LDL receptor-deficient mice: 
establishment of a combined model and association with heat shock 
protein 65 immunity. Keren P; George J; Shaish A; Levkovitz H; 
Janakovic Z; Afek A; Goldberg I; Kopolovic J; Keren G; Harats D. 
(Institute of Lipid and Atherosclerosis Research, Sheba Medical Center, 
Tel-Hashomer, Israel. ) DIABETES, (2000 Jun) 49 (6) 1064-9. Journal 

code : 

E8X. ISSN: 0012-1797. Pub. country : . United States . Language: English. 
AB Diabetes and atherosclerosis have been proposed to be influenced by 
immune 

and autoimmune mechanisms . A common incriminated antigen in both 

disorders is the heat shock protein (HSP) -60/65. In the current 

study, we established a model combining hyperglycemia with hyperlipidemia 

in LDL receptor-deficient (LDL-RD) mice and assessed its possible 

influences on lipid profile, HSP60/65, and atherogenesis . LDL-RD 

mice were injected either with streptozotocin to induce 

hyperglycemia or with citrate buffer (control) . When hyperglycemia was 

induced, both study groups were challenged with a high-fat (Western) diet 

for 6 weeks. Plasma fasting glucose, lipid profile, and antibody 

levels to HSP65 and oxidized LDL were assessed. At death, the spleens 

from 

both groups were evaluated for their proliferative response to HSP65 and 
the consequent cytokine production. The extent of atherosclerosis was 
assessed at the aortic sinus. Plasma glucose, cholesterol, and 
triglyceride levels were elevated in mice injected with 

streptozotocin compared with control mice. Atherosclerotic lesions were 
significantly larger in the streptozotocin-injected 

hyperglycemic LDL-RD mice (132 +/- 23 x 10(5) microm2) in comparison to 
their normoglycemic litter-mates (20 +/- 6.6 x 10(5) microm2; P < 
0.0001) . 

Both humoral and cellular immune response to HSP65 was more pronounced in 
streptozotocin-injected mice. When challenged with HSP65 in 
vitro, splenocytes from streptozotocin-injected mice favored the 
production of the T-helper (TH)-l cytokine gamma -interferon. In 
conclusion, we have established a mouse model that combines hyperglycemia 
with diet-induced hyperlipidemia in LDL-RD mice and studied its effect on 
atherosclerosis progression. The accelerated atherosclerotic process is 
associated with heightened immune response to HSP65 and a shift to a TH1 
cytokine profile. 
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2000177936 Document Number: 20177936. Inhibition of CD11-CD18 complex 

prevents acute lung injury and reduces mortality after peritonitis in 
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rabbits. Gardinali M; Borrelli E; Chiara 0; Lundberg C; Padalino P; 
Conciato L; Cafaro C; Lazzi S; Luzi P; Giomarelli P P; Agostoni A. 
(Dipartimento di Medicina Interna and Istituto di Chirurgia d'Urgenza, 
IRCCS Ospedale Policlinico, Universit'a di Milano, Milano, Italy. ) 
AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE, (2000 Mar) 

161 

(3 Pt 1) 1022-9. Journal code: BZS. ISSN: 1073-449X. Pub. country: 
United 

States. Language: English. 

AB Acute lung injury is frequent after severe peritonitis. The aim of this 
study was to investigate whether inhibition of the adhesion molecule 
CD11-CD18 on polymorphonuclear leukocytes (PMNs) would have any 

beneficial 

effects on pulmonary function and mortality in an animal model 
reproducing 

these clinical conditions. Acute peritonitis was induced in 36 rabbits by 
intraperitoneal injection of zymosan (0.6 g/kg) suspended in 
mineral oil; 20 were pretreated with a murine-specif ic 
IgG2a anti-CD18 monoclonal antibody, 16 (controls) 

with nonspecific purified murine IgG (1 mg/kg) . The animals were followed 
for 10 d, then killed for histologic examination of the lungs. Blood 
samples were taken on Days 0, 1, 3, 7, and 10 for red blood cell (RBC) , 
white blood cell (WBC), and platelet counts, pH, P0(2), PCO(2), carbon 
dioxide content (HC0(3)(-)) measurements, and renal and liver tests. 
Treatment with the anti-CD18 monoclonal antibody 

reduced mortality by approximately 40% (p < 0.05). P0(2) was higher in 
these treated animals than in the control animals throughout the study (p 
< 0.05 on Day 1, 3, and 10). On Day 1 control animals had significant 
leukopenia, whereas anti-CD18-treated animals had a moderate increase of 
the number of circulating WBC compared with baseline values (p < 0.05 
between groups) . The lungs of the anti-CD18-treated animals showed minor 
signs of inflammation and PMN infiltration whereas controls had 
interstitial and intra-alveolar edema and a large number of granulocytes. 
Quantification of PMNs by morphometry showed that there were constantly 
less granulocytes in the lungs of the animals treated with the anti-CD18 
antibody (p < 0.001). PMN infiltration correlated with the levels of 

PO(2) 

(p < 0.001). Lung tissue of anti-CD18-treated rabbits contained less 
malonyldialdehyde, a by-product of membrane lipid peroxidation 
by PMN oxygen radicals (950 +/- 120 versus 1,710 +/- 450 pM/mg of 
protein) and, conversely, more of the antioxidant alpha-tocopherol 

(136 +/- 22 versus 40 +/- 9 ng/mg of protein), than the control 

rabbits (p < 0.01). In this particular model of ARDS the 

monoclonal antibody against the CD11-CD18 complex had a 

beneficial effect, reducing PMN infiltration and oxygen radical release 

in 

the lungs, preventing alveolocapillary membrane damage, improving gas 
exchange and, finally, significantly reducing mortality. 
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2000043494 EMBASE Effects of gemfibrozil on insulin sensitivity and 

on haemostatic variables in hyper triglyceridemic patients. 

Mussoni L.; Mannucci L.; Sirtori C; Pazzucconi F.; Bonfardeci G.; 

Cimminiello C; Notarbartolo A.; Scafidi V.; Bittolo Bon G.; Alessandrini 

P.; Nenci G.; Parise P.; Colombo L.; Piliego T.; Tremoli E. . E. Tremoli, 

Institute Pharmacological Sciences, E. Grossi Paoletti Center, University 
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of Milan, Via Balzaretti 9, 20133 Milan, Italy, elena.tremoli@unimi.it. 
Atherosclerosis 148/2 (397-406) 2000. 
Refs: 64. 

ISSN: 0021-9150. CODEN: ATHSBL. 

Publisher Ident.: S 0021-9150 (99) 00283-X. Pub. Country: Ireland. 
Language : 

English. Summary Language: English. 
AB In order to assess the efficacy of gemfibrozil on lipid and 

haemostatic parameters in patients with plurimetabolic syndrome, a 
multicenter double-blind placebo controlled, parallel study was carried 
out in 56 patients with primary hypertriglyceridemia and glucose 
intolerance. These patients had elevated PAI activity and antigen 
and t-PA antigen levels at rest and after venous occlusion. 
Gemfibrozil reduced plasma triglyceride levels (P<0.001), 
whereas it increased free fatty acids (P<0.05)and 

high density lipoprotein cholesterol levels (P<0.05). In those patients 
reaching normalization of plasma triglyceride levels ( 
triglyceride reduction .gtoreq. 50%) (n=15), insulin 
levels (P<0.05) as well as the insulin resistance index were 
reduced by gemfibrozil treatment, suggesting an improvement of the 
insulin resistance index in this patient subgroup. Gemfibrozil 
treatment did not affect plasma fibrinolysis or fibrinogen levels, 
despite 

marked reduction of plasma triglycerides and improvement of the 
insulin sensitivity associated with triglyceride 
normalization. Copyright (C) 2000 Elsevier Science Ireland Ltd. 
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1999:219995 Document No. 130:306599 Antisense oligonucleotides capable of 

binding to multiple targets and their use in the treatment of respiratory 
disease. Nyce, Jonathan W. (East Carolina University, USA). PCT Int. 
Appl. WO 9913886 Al 19990325, 120 pp. DESIGNATED STATES: W: AL, AM, AT, 
AU, AZ, BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GE, GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, AM, AZ, BY, KG, 
KZ, MD, RU, TJ, TM; RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, CY, DE, DK, 
ES, FI, FR, GA, GB, GR, IE, IT, LU, MC, ML, MR, NE, NL, PT, SE, SN, TD, 
TG. (English). CODEN: PIXXD2 . APPLICATION: WO 1998-US19419 19980917. 
PRIORITY: US 1997-59160 19970917; US 1998-93972 19980609. 

AB Antisense oligonucleotides carrying sequences that will allow them to 

bind 

to more than one mRNA in a target cell are described. Such 
oligonucleotides can be used as a single treatment for diseases having 
more than one contributing pathway. In particular, oligonucleotides 
effective against genes involved in the etiol. of respiratory disease are 
targeted. Preferably, the oligonucleotides are low in adenosine 
( . ltoreq. 15%) and may have adenosines substituted with analogs. These 
oligonucleotides are targeted to high (G+C) sequences within mRNAs. 

Thus, 

phosphorothioate antisense oligonucleotide (HAdAlAS, 5'- 
gatggagggcggcatggcggg-3 * ) designed for the adenosine Al receptor is 
provided. HAdAlAS significantly and specifically reduces the in vivo 
response to adenosine challenge in a dose-dependent manner, is effective 
in protection against aeroallergen-induced bronchoconstriction (house 

dust 
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mite), has an unexpected long-term duration of effect (8.3 days for both 
PC50 adenosine and resistance) , and is free of side effects that might be 
toxic to the recipient. Such oligonucleotides may be used for treating a 
disease or condition assocd. with lung airway, such as 
bronchoconstriction, inflammation, or allergies. 
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AN 2000-183551 [17] WPIDS 

AB CA 2270320 A UPAB: 20000405 

NOVELTY - A microcapsule composition (I) comprising a biocompatible oil 
and a polymer capable of forming microspheres, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(1) the use of (I) to deliver an active agent to an animal; 

(2) the use of (I) to increase the bioactivity of an active agent in 
an animal; 

(3) the use of (I) to treat diabetes; and 

(4) a method (II) for preparing a microsphere composition (i.e. 

(I) ) , 

comprising: 

(a) adding a polymer capable of forming microspheres to a 
biocompatible oil; 

(b) adding an active agent in an aqueous solution to the polymer and 
oil solution; 

(c) pouring the mixture into a non-solvent solution under conditions 
that allow for the spontaneous formation of microspheres containing the 
naturally occurring oil and the active agent. 

ACTIVITY - Antidiabetic. 

D-ala2-GLP-l microspheres were given to a mouse model of Type II 
diabetes to determine whether or not therapeutic levels GLP-1 could be 
delivered orally to diabetics. The mouse model used was the 
DB/DB mouse which had a leptin receptor mutation that inactivated the 
receptor. This mutation resulted in the mouse being hyperplagic, 
hyperglycemic, hyperinsulinemic and obese. The late onset of 
hyperglycemia 

and hyperinsulinemia in these mice was a similar characteristic found in 
type II diabetes. It was found that there was no difference seen between 
control mice and mice treated with D-ala2-GLP-l microspheres immediately 
after administration (t=0 hours) , as expected, however the response to 
orally administered microspheres at t=4 and 8 hours was a downward 
shift in both basal and stimulated glycemia as compared to the control 
mice. Therefore in addition to being able to deliver orally 
D-ala2-GLP-l to non-diabetic mice, it was also possible to orally 
deliver therapeutic levels of the peptide over a 10 hour period. These 
results suggested that oral delivery of peptides may be useful 
in the treatment of type II diabetes and other disorders requiring the 
continuous presence of a peptide. 

MECHANISM OF ACTION - The presence of the biocompatible oil 

increases 

the release of active agents from the microspheres. GLP-1 stimulates 

glucose dependent insulin release and possibly improves 

peripheral insulin sensitivity. 

USE - (I) may be used to deliver an active agent (e.g. hormones, 

proteins, peptides, peptide analogs, peptide derivatives, drugs, 

vaccines, antigens, vitamins, carbohydrates and/or 

lipids) to an animal, to increase the biQavailabilty of an active 
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agent in an animal and to treat diabetes (if the active agent used is 
GLP-1 (glucagon-like peptide-1)) (claimed). 

ADVANTAGE - The presence of the biocompatible oil increases the 
release of active agents from the microspheres. Also, GLP-1 appears to be 
unable to cause hypoglycemia even at high peptide concentrations. 
Dwg.0/11 
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1999250318 Document Number: 99250318. Dietary lipids modify the 

cytokine response to bacterial lipopolysaccharide in mice. Sadeghi S; 

Wallace F A; Calder P C. (Institute of Human Nutrition, University of 

Southampton, Southampton, UK. ) IMMUNOLOGY, (1999 Mar) 96 (3) 404-10. 

Journal code: GH7. ISSN: 0019-2805. Pub. country: ENGLAND: United 
Kingdom. 

Language: English. 
AB To investigate the effect of dietary lipids with different 

fatty acid compositions upon the in vivo cytokine 

response to bacterial lipopolysaccharide (LPS), mice were fed for 5 weeks 
on a low-fat diet or on one of four high-fat diets that contained 20%, by 
weight, of coconut oil (CO), olive oil (00), 
safflower oil (SO) or fish oil (FO) . The mice were 
injected intraperitoneally with a non-lethal dose of 
Escherichia coli LPS (100 micrograms/20 g body weight) 
and killed 90 or 180 min later. Plasma tumour necrosis factor-alpha 
(TNF-alpha), interleukin (IL)-lalpha, IL-6 and IL-10 concentrations were 
measured by enzyme-linked immunosorbent assay (ELISA) . Plasma TNF-alpha 
and IL-10 concentrations were higher 90 min postinjection than after 180 
min, whereas plasma IL-lbeta and IL-6 concentrations were higher 180 min 
postinjection than after 90 min. Peak plasma TNF-alpha, IL-lbeta and IL-6 
concentrations were lower in the CO- and FO-fed mice than in those fed 

the 

SO diet. Peak plasma IL-10 concentrations were higher in CO-fed mice than 
in those fed some of the other diets. These observations suggest that, 
relative to the n-6 polyunsaturated fatty acid-rich SO 

diet, CO and FO diminish production of proinflammatory cytokines in vivo. 
This indicates that these fatty acids might be useful 
therapies in acute and chronic inflammatory diseases. The enhanced 
production of IL-10 following CO feeding appears to be an additional 
antiinflammatory effect of this oil, which could give added benefit in 
various clinical conditions. 
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2000:203745 Document No.: PREV20000020374 5 . Diabetes, insulin 

resistance and dyslipidaemia in lipodystrophic HIV-infected patients on 
highly active antiretroviral therapy (HAART. Vigouroux, C; Gharakhanian, 
S.; Salhi, Y . ; Nguyen, T.-H.; Chevenne, D. ; Capeau, J. (1); Rozenbaum, 

W. . 

(1) INSERM U.402, Faculte de Medecine Saint-Antoine, 27 Rue Chaligny, 

75571, Paris, Cedex 12 France. Diabetes & Metabolism, (Sept., 1999) Vol. 

25, No. 3, pp. 225-232. ISSN: 1262-3636. Language: English. Summary 

Language: English; French. 

AB This study assessed glucose tolerance, insulin sensitivity and 

lipid parameters in HIV-infected patients presenting with 

lipodystrophy during HAART including protease inhibitors. Fourteen 

consecutive patients from Rothschild Hospital treated with HAART and 

presenting with marked facial, lipoatrophy were evaluated. A 75 q 
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oral glucose tolerance test (OGTT) with measurement of plasma 
glucose, insulin, proinsulin and free fatty 
acids at TO, 30, 60, 90 and 120 min was performed. Lipid 
parameters (triglycerides, cholesterol, apolipoproteins Al and 
B) were studied as well as nutritional and inflammatory markers (albumin, 
prealbumin, transferrin, haptoglobin, orosomucoid, C-reactive 
protein) , endocrine and cytokine parameters (thyrotropin, 
Cortisol, leptin, interleukin-6) , HIV viral load and CD4 -lymphocyte 
count . 

These patients were compared with 20 non-lipodystrophic protease 
inhibitor-treated patients. The measurements performed during OGTT showed 
that among the 14 lipodystrophic patients, 11 (79%) presented with 
diabetes (5 patients) or normal glucose tolerance but with insulin 
resistance (6 patients) . This frequency was strikingly different in the 
group of non-lipodystrophic patients, which included only 4 (20%) 
presenting with diabetes (1 patient), or impaired glucose tolerance (2 
patients), or normal glucose tolerance but with insulin 
resistance (1 patient) . Hypertriglyceridaemia was present in 11 
lipodystrophic (79%) versus 7 non-lipodystrophic patients (35%) . 
Nutritional and endocrine measurements were normal, an abnormal 
processing 

of proinsulin to insulin was excluded. Thus, lipodystrophy 

during HAART was associated with diabetes, insulin resistance 

and hypertriglyceridaemia. Diabetes, diagnosed by basal and/or 120 

min-OGTT glycaemia, seems more frequent than previously described. The 

therapeutic consequences of these results deserve evaluation in clinical 

trials . 
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1999011479 Document Number: 99011479. A comparison of biodegradable 

microparticles and MF59 as systemic adjuvants for recombinant gD from 
HSV-2. Singh M; Carlson J R; Briones M; Ugozzoli M; Kazzaz J; Barackman 

J; 

Ott G; O'Hagan D. (Adjuvant Research Division, Chiron Corporation, 
Emeryville, CA 94608, USA. . manmohan_singh@cc.chiron.com) . VACCINE, 

(1998 

Nov) 16 (19) 1822-7. Journal code: X60. ISSN: 0264-410X. Pub. country: 
ENGLAND: United Kingdom. Language: English. 
AB A recombinant form of glycoprotein D from herpes simplex virus type-2 

<gD2) was encapsulated into polylactide-co-glycolide (PLG) microparticles 
using a previously established solvent evaporation technique. The mean 
size of the microparticles was about 1 micron and high encapsulation 
efficiency of the antigen was achieved (70-80%). The 

microparticles were administered intramuscularly to Balb/C mice and the 
immune responses were compared with those obtained with the oil 
in water adjuvant MF59. The serum IgG response to gD2 induced by 
the microparticles was comparable with that induced by MF59. The serum 
neutralization titres were also comparable for microparticles and the 
emulsion. However, the microparticles induced a higher IgG2a isotype 
response and a more potent serum IFN-gamma response than MF59, suggesting 
a more Thl type of response. The MF59 induced higher levels of serum IL-4 
and IL-5 cytokines, suggesting a more Th2 type of response. 
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1998368434 EMBASE Effects of fish oil alone and combined with long chain 



(n-6) fatty acids on some coronary risk factors in 
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male subjects. Haglund 0.; Wallin R. ; Wretling S.; Hultberg B.; Saldeen 
T.. Prof. T. Saldeen, Department of Forensice Medicine, University of 
Uppsala, Dag Hammarskj olds vag 17, S-752 37 Uppsala, Sweden. Journal of 
Nutritional Biochemistry 9/11 (629-635) 1998. 
Refs: 37. 

ISSN: 0955-2863. CODEN: JNBIEL. 

Publisher Ident.: S 0955-28 63(98)00065-5. Pub. Country: United States. 
Language: English. Summary Language: English. 
AB The effects of fish oil alone were compared with those of fish oil 
combined 1:1 with evening primrose oil rich in long chain (n-6) 
fatty acids in a double-blind cross-over study. After 
administration of fish oil there was a highly significant increase in 

20:5 

(n-3) (eicosapentaenoic acid) and 22:6 (n-3) (docosahexaenoic acid) and a 
significant decrease in (n-6) fatty acids in plasma 

phospholipids. After consumption of the fish oil/evening primrose oil 
mixture, the increase in (n-3) and the decrease in (n-6) fatty 
acids were considerably smaller. Triglycerides in serum 
decreased by 36% (P < 0.01) after the fish oil and by 29% (P < 0.05) 

after 

the fish oil/evening primrose oil mixture. Atherogenic index decreased by 
12% (P < 0.05) after fish oil/evening primrose oil and by 6% (P = ns) 
after fish oil alone. This difference was statistically significant (P < 
0.05). Plasma homocysteine was reduced by 10% (P < 0.05) after the fish 
oil/evening primrose oil mixture and decreased 4% (P = ns) after the fish 
oil alone. Plasma fibrinogen decreased after both oils. The combined oils 
did not raise plasminogen activator inhibitor-1 (PAI-1) antigen 
at all, whereas after fish oil there was a 49% (P < 0.05) increase. Fish 
oil increased the ratio C20:4 to C20:3, an index of delta-5-desaturase, 

by 

96% (P < 0.001) and reduced the ratio of C20:3 to C18:2, an index of 
delta-6-desaturase, by 38% (P < 0.001), whereas the fish oil/evening 
primrose oil mixture left these indexes unchanged. A high index of 
delta-5-desaturase has been found to be correlated to increased 
insulin sensitivity. In conclusion, combination of fish oil and 
evening primrose oil had a more favorable effect on the atherogenic index 
and caused no increase in PAI-1 antigen. The effects on 
triglycerides and PAI-1 of the fish oil and the mixture appears to 
be a result of their (n-3) fatty acid content. 
Copyright (C) 1998 Elsevier Science Inc. 
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97394103 Document Number: 97394103. Time course of increased plasma 

cytokines, Cortisol, and urea nitrogen in pigs following intraperitoneal 
injection of lipopolysaccharide . Webel D M; Finck B N; Baker D H; 
Johnson R W. (Department of Animal Sciences, University of Illinois, 
Urbana 61801, USA. ) JOURNAL OF ANIM AL SCIENCE. (1997 Jun) 75 (6^ 

1514-20. " ■ 

Journal code: HC7 . ISSN: 0021-8812. Pub. country: United States. 

Language : 

English . 

AB The emerging view is that reduced feed intake, lean muscle accretion, and 

growth in immunologically challenged pigs is the result of increased 

cytokine activity, but this has not. been directly tested. To begin 

addressing this issue, 72 crossbred barrows and gilts (11.55 +/- .19 kg 

BW) were not fed for 12 h and, then injected i.p A with 0, .5, or 
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5 micrograms /kg of Escherichia coli lipopolysaccharide 

(LPS) . Blood was collected by jugular puncture at 0, 2, 4, 8, 12, and 24 



after injection. Plasma levels of tumor 

necrosis factor-alpha (TNF-alpha) , interleukin-6 (IL-6) , Cortisol, 

plasma urea nitrogen (PUN), NEFA, and triglycerides were 

determined. Immunological stress was induced by LPS as indicated by 

increased secretion of TNF-alpha, IL-6, and Cortisol. In pigs receiving 5 

micrograms/kg of LPS, plasma TNF-alpha was increased 10-fold at 2 h after 

injection and was still elevated (P < .01) at 4 h. In these same 

pigs, plasma concentration of IL-6 was increased at 2 h and peaked at 4 h 

with levels exceeding baseline values by 200-fold (P < .01). Cortisol was 

elevated at 2, 4, and 8 h after injection (P < .01). The 

increased secretion of cytokines and Cortisol in pigs injected 

with 5 micrograms/kg of LPS was followed by an increase in protein 

degradation, as evidenced by PUN values that were increased two- and 

threefold at 8 and 12 h after injection, respectively. However, 

unlike previous reports in laboratory animal species, plasma glucose, 

NEFA, and triglycerides were not altered by LPS. Nonetheless, as 

the period of feed deprivation progressed from 12 to 36 h, plasma NEFA 

and 

triglycerides increased (P < .05) and plasma glucose tended to 
decrease. We believe that immunological challenge induces cytokine 
synthesis and secretion in swine which, in turn, may induce 
protein catabolism. 
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97387044 Document Number: 97387044. Short-term oestrogen replacement 
therapy 

improves insulin resistance, lipids and fibrinolysis 

in postmenopausal women with NIDDM. Brussaard H E; Gevers Leuven J A; 
Frolich M; Kluft C; Krans H M. (Department of Endocrinology and Metabolic 
Diseases, University Hospital, Leiden, The Netherlands. ) DIABETOLOGIA, 
(1997 Jul) 40 (7) 843-9. Journal code: E93. ISSN: 0012-186X. Pub. 
country: GERMANY: Germany, Federal Republic of. Language: English. 
AB Oestrogen replacement therapy is associated with a decreased risk of 
cardiovascular disease in postmenopausal women. Patients with non- 
insulin-dependent diabetes mellitus (NIDDM) have an increased 
cardiovascular risk. However, oestrogen replacement therapy is only 
reluctantly prescribed for patients with NIDDM. In a double blind 
randomized placebo controlled trial we assessed the effect of oral 
17 beta-estradiol during 6 weeks in 40 postmenopausal women with NIDDM. 
Glycated haemoglobin (HbAlc) , insulin sensitivity, 

suppressibility of hepatic glucose production, lipoprotein profile and 
parameters of fibrinolysis were determined. The oestrogen treated group 
demonstrated a significant decrease of HbAlc and in the 
normotriglyceridaemic group a significantly increased suppression of 
hepatic glucose production by insulin. Whole body glucose uptake 
and concentrations of non-esterif ied fatty acids did 

not change. LDL-cholesterol- and apolipoprotein B levels decreased, and 

HDL-cholesterol, its subfraction HDL2-cholesterol and apolipotrotein Al 

increased. The plasma triglyceride level remained similar in 

both groups. Both the concentration of plasminogen activator inhibitor-1 

antigen and its active subfraction decreased. Tissue type 

plasminogen activator activity increased significantly only in the 

normotriglyceridaemic group. Oestrogen replacement therapy improves 
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insulin sensitivity in liver, glycaemic control, lipoprotein 
profile and fibrinolysis in postmenopausal women with NIDDM. For a 
definite answer as to whether oestrogens can be more liberally used in 
NIDDM patients, long term studies including the effect of progestogens 

are 

necessary. 



L85 ANSWER 21 OF 53 EMBASE COPYRIGHT 2001 ELSEVIER SCI. B.V. 

97173401 EMBASE Document No.: 1997173401. Dietary fish oil enhances 
circulating interferon- . gamma . in mice during listeriosis 
without altering in vitro production of this cytokine. Fritsche K.L.; 

Feng 

C; Berg J.N.. Dr. K.L. Fritsche, 110 Animal Sciences Research Center, 
University of Missouri, Columbia, MO 65211, United States. Journal of 
Interferon and Cytokine Research 17/5 (271-277) 1997. 
Refs: 56. 

ISSN: 1079-9907. CODEN: JICRFJ. Pub. Country: United States. Language: 
English. Summary Language: English. 
AB The objective of this study was to investigate the impact of feeding mice 
a diet rich in n-3 polyunsaturated fatty acids (PUFA) 
from fish oil on the interferon- . gamma . ( I FN- . gamma . ) response 
during an active infection with Listeria monocytogenes. Weanling female 
C3H/Hen mice were fed experimental diets containing 20% by weight one of 
the following fats: soybean oil, lard, or a mixture of 
menhaden fish oil and corn oil (17:3, w/w) . After 4 
weeks, mice were injected with 105 live L. monocytogenes, and 
the concentration of I FN- .gamma, in serum and spleen was determined 0, 



2, 



at 



by 



4, and 7 days postinfection by enzyme-linked immunosorbent assay (ELISA) . 
Fish oilfed mice showed significantly higher IFN-. gamma, in their blood 

2 and 4 days postchallenge compared with mice fed the soybean 
oil-containing or lard-containing diets (p < 0.001). A higher 
concentration of IFN-. gamma, was also found in the spleen homogenate of 
fish oil-fed mice on day 4 postchallenge (p < 0.005). To examine in vitro 
IFN-. gamma, production, splenocytes were isolated from fish oil- fed and 
soybean oil-fed mice on day 4 postchallenge and cultured 
with concanavalin A (1 .mu.g/ml and 10 .mu.g/ml) for 24 and 48 h. There 
were no significant differences in the IFN-. gamma, concentration in cell 
culture supernatants between these diet treatments. This study 
demonstrated that the elevation in the concentration of IFN-. gamma, in 
blood and spleen during murine listeriosis is accentuated and prolonged 

dietary n-3 PUFA, and these effects may not be due to changes in 
IFN-. gamma, production. 
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97430749 Document Number: 97430749. Effects of troglitazone on 

insulin action and cardiovascular risk factors in patients with 

non-insulin-dependent diabetes. Sironi A M; Vichi S; Gastaldelli 

A; Pecori N; Anichini R; Foot E; Seghieri G; Ferrannini E. (Metabolism 

Unit, CNR Institute of Clinical Physiology, Pisa, Italy. ) CLINICAL 

PHARMACOLOGY AND THERAPEUTICS, (1997 Aug) 62 (2) 194-202. Journal code: 

DHR. ISSN: 0009-9236. Pub. country: United States. Language: English. 

AB OBJECTIVE: Insulin resistance is a potential target for 

pharmacologic intervention in, non-insulin-dependent diabetes. 
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Troglitazone is being evaluated as an insulin enhancer in 
insulin resistant states. RESEARCH DESIGN AND METHODS: We 
randomized 4 0 patients with non-insulin-dependent diabetes to 
diet plus placebo (n = 15) or diet plus troglitazone (n = 25; 200 mg/day) 
treatment for 8 weeks. Fasting endogenous glucose production (EGP, by the 
stable isotope technique) and whole-body insulin sensitivity (by 
the insulin suppression test) were measured at baseline and on 
days 3, 7, 14, 28, and 56 of treatment. RESULTS: By day 56, fasting 
plasma 

glucose had risen from 12.0 +/- 0.9 to 12.8 +/- 1.2 mmol/L in the placebo 

group and had fallen from 12.4 +/- 0.6 to 11.3 +/- 0.6 mmol/L in the 

troglitazone group (p = 0.03). This was the result of small improvements 

in whole-body insulin sensitivity (steady-state plasma glucose 

during the insulin suppression test: from 11.09 +/- 1.1 to 10.3 

+/- 0.8 mmol/L versus 13.8 +/- 1.0 to 10.0 +/- 0.9 mmol/L, placebo versus 

troglitazone; p = 0.01) and EGP (from 103% +/- 3% versus 96% +/- 2% of 

baseline, placebo versus troglitazone; p = 0.09). The time course of 

insulin action showed an early (first week of treatment) decrease 

in EGP in the troglitazone group that was maintained throughout, whereas 

steady-state plasma glucose levels began to diverge toward the end of 

treatment. The effects of insulin on plasma free fatty 

acid and potassium concentrations were not different between 

placebo and troglitazone. The cardiovascular risk profile (heart rate; 

serum triglycerides; total, low-density lipoprotein, and 

high-density lipoprotein cholesterol; proinsulin; uric acid; plasminogen 
activator inhibitor-1 antigen and activity; 24-hour blood 
pressure monitoring and urinary albumin excretion) was unaltered by 
troglitazone treatment. CONCLUSIONS: Troglitazone as monotherapy for 
typical non-insulin-dependent diabetes had a modest 

anti-hyperglycemic effect and, at the dose used in this study, had no 
effect on cardiovascular risk factors. 
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1996:440899 Document No. 125:96040 Immunogenic compositions solubilised in 



hydrophobic solvent. New, Roger Randal Charles (Cortecs Limited, UK). 
PCT Int. Appl. WO 9614871 Al 19960523, 30 pp. DESIGNATED STATES: W: AL, 
AM, AT, AU, BB, BG, BR, BY, CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, 
HU, IS, JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, 
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK; RW: AT, BE, BF, BJ, 
CF, CG, CH, CI, CM, DE, DK, ES, FR, GA, GB, GR, IE, IT, LU, MC, ML, MR, 
NE, NL, PT, SE, SN, TD, TG. (English). CODEN: PIXXD2 . APPLICATION: WO 
1995-GB2675 19951114. PRIORITY: GB 1994-22990 19941115. 
AB An immunogenic compn. comprising an immunogen solubilised, or otherwise 
distributed, in a hydrophobic solvent in the absence of a hydrophilic 
phase. Preferably, the immunogenic compn. is provided as an oral 
vaccine. Thus, 40 .mu.L of tetanus toxoid (5 mg/mL) was added to 1 mL 
dispersion of 100 mg/mL soya phosphatidyl choline and the mixt. 
was lyophilized overnight, followed by addn. of 1 mL of oleic acid to 
obtain a crystal clear soln. Mice were administered 100 .mu.L of above 
soln. either s.c. or through an intragastric tube. Antibody levels 
against tetanus antigen after two wk was much more than 
controls . 
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obesity: Cause or consequence?. Ranganath L.R.; Beety J.M.; Morgan L.M.; 
Wright J.W.; Howland R. ; Marks V.. School of Biological Sciences, 
University of Surrey, Guildford, Surrey GU2 5XH, United Kingdom. Gut 38/6 
(916-919) 1996. 

ISSN: 0017-5749. CODEN: GUTTAK. Pub. Country: United Kingdom. Language: 

English. Summary Language: English. 
AB Background - Hypersecretion of insulinotropic factors such as glucose 

dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-l(7- 

36) amide (GLP-1) have been postulated to account for the 
hyper insulinaemia 

of obesity. Aims - To examine the role of GLP-1 and GIP in obese women 

and 

matched controls. Subjects - Six lean and six obese women subjects 
matched 

for age. Methods - The gut hormone, plasma glucose, and serum 

triglyceride responses were studied over 180 minutes after 

oral carbohydrate and fat meals. Heparin (10 000 units) 

was given intravenously at 120 minutes. Results - There was pronounced 

attenuation of plasma GLP-1 secretion to oral 

carbohydrate in the obese compared with lean subjects but no such 
difference in response to oral fat load. There were no 
differences in the plasma GIP responses to carbohydrate or fat 
feeding. There was an apparent fall in plasma GLP-1 values in all 
subjects 

after administration of heparin. Conclusion - Postprandial GLP-1 
secretion 

in response to oral carbohydrate is considerably 

attenuated in obese subjects. The cause of this attenuation of GLP-1 
secretion is not known although we suggest that both this fall and the 
overall reduction in GLP-1 values in obese subjects may be related to an 
increase in plasma non-esterif ied fatty acids. 
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AN 1995-240478 [31] WPIDS 

CR 1995-240479 [31] 

AB WO 9517209 A UPAB: 20000818 

A vaccine compsn. (I) comprises an antigen (Ag) or antigenic 
compsn. in association with an oil-in-water emulsion 
having the following compsn. : a metabolisable oil, such as 
squalene, alpha -tocopherol and Tween 80. The compsn. may opt. 
comprise QS21 and 3 De-O-acylated monophosphoryl lipid (3D-MPL) . 

USE - (I) is used in the mfr. of a vaccine for the prophylactic or 
immunotherapeutic treatment of viral, bacterial, parasitic infections or 
cancer. (I) are potent inducers of a range of immune responses. For human 
admin. QS21 and 3D-MPL will be present in the vaccine in the range 10-50 
mu g. The oil-in-water will comprise 2-10% 
squalene, 2-10% alpha tocopherol and 0.3-3% Tween 80. 

ADVANTAGE - The combination of the two adjuvants QS21 and 3D-MPL 
together with an oil-in-water emulsion can overcome 
the serious limitations of vaccines based on recombinant proteins 
and induce a wider spectrum of immune responses. In certain systems, the 
combination of 3D-MPL and QS21 together with an oil-in- 
water emulsion have been able to synergistically enhance 
interferon gamma prodn. 
Dwg. 0/4 
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AN 1995-082031 [11] WPIDS 

AB WO 9503823 A UPAB: 19950322 

A solid formulation for admin, of a therapeutic polypeptide (I) comprises 

70-90 wt.% sodium salicylate and 10-30 (pref. 15-25) wt.% of an oil. 
The oil is pref. selected from mineral oil, 

silicone oil, corn oil, peanut oil 

, coconut oil, sesame oil, olive oil 

, fatty acids and vitamin E, esp. peanut or 

corn oil. 

USE - (I) is esp. human growth hormone or insulin (both 
claimed). Several other (I) are listed in the disclosure, e.g. vaccines, 
antigens, antibodies, TSH, renin, calcitonin, FSH, LHRH, oxytocin, 
vasopressin, interferons, interleukins and TNF. 

ADVANTAGE - The Na salicylate/oil mixt. is a permeation enhancer 
which promotes absorption of (I) through the wall of the gastrointestinal 
tract, esp. of the colon, after oral admin. The solid 
formulation is easily handled and stored, and provides homogeneous 
oral dosage forms (e.g. pills, capsules and delivery vessels). The 
above ratio of Na salicylate to oil provides optimal absorption and 
bioavailability in a solid formulation. (I) may be non-lyophilised. 
Dwg.1/5 

ABEQ US 5424289 A UPAB: 19950727 

Dosage form comprises on orally administable enteric-coated 
capsules contg. (a) human growth hormone or insulin; (b) 70-90 
wt.% sodium salicylate; and (c) 10-30wt.% oil. 

Opt. (a) is non-lyophilised. Formulation comprises a homogeneous 
mixt. of ingredients. 

ADVANTAGE - Bioavatability of peptide through the colonic membrane 



of 



the gastrointestinal tract is 40% or more. 
Dwg. 0/6 
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1994:646793 Document No. 121:246793 Effects of metformin and metoprolol CR 
on hormones and fibrinolytic variables during a hyperinsulinemic, 
euglycemic clamp in man. Landin, Kerstin; Tengborn, Lilian; Smith, Ulf 
(Department of Medicine, University of Goeteborg, Goeteborg, Swed.). 
Thromb. Haemostasis, 71(6), 783-7 (English) 1994. CODEN: THHADQ. ISSN: 
0340-6245. 

AB The aim of this study was to characterize the acute effect of euglycemic 
(glucose 5.2 mmol/L) hyperinsulinemia (mean 118 mU/L) on fibrinolytic 
variables, free fatty acids (FFA) and 

counterregulatory hormones in humans. In addn., the effect of chronic 
treatment with metformin, an oral antidiabetic agent which 
enhances insulin action, and metoprolol CR, a relatively 
. beta . 1-selective adrenergic antagonist, was also evaluated. A 
randomized, double-blind, placebo-controlled, cross-over study including 
18 non-obese men, aged 53 .+-. 6 yr, was performed. The investigations 
were performed after each treatment period of 6 wk in both the 
postabsorptive state and during a euglycemic, hyperinsulinemic clamp. 
Compared to the postabsorptive state, plasminogen activator inhibitor 
(PAI-1) activity and antigen, tissue 
plasminogen activator (t-PA) antigen and FFA 

decreased after 120 min of euglycemic hyperinsulinemia. In addn., t-PA 

activity increased while blood levels of lipoprotein (a) [Lp(a)l, 
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catecholamines and Cortisol remained unchanged. Growth hormone increased 
during the clamps and this was most pronounced after treatment with 
metoprolol CR. When the effect of treatment was compared, postabsorptive 
levels of C-peptide, FFA and t-PA antigen were lower after 
metformin than after the placebo period. The t-PA antigen also 
remained lower during the clamp after metformin treatment. No 
significant 

effects of metformin or metoprolol CR were seen on insulin 
-stimulated glucose uptake during the clamps or on postabsorptive levels 
of counterregulatory hormones, PAI-1 or Lp(a). Thus, the rapidly 
increased fibrinolytic activity after 2 h hyperinsulinemia with 
maintained 

euglycemia can not be explained by the concomitant changes in 
counterregulatory hormones. It is more likely that the decreased FFA 
and/or triglyceride levels play a role. 
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96428166 Document Number: 96428166. Metabolic, endocrine and haematological 
responses to intravenous E. coli endotoxin administration in 1-week-old 
calves. Kinsbergen M; Bruckmaier R M; Blum J W. (Division of Nutritional 
Pathology, University of Bern, Switzerland. ) ZENTRALBLATT FUR 
VETERINARMEDIZIN. REIHE A, (1994 Sep) 41 (7) 530-47. Journal code: Y70. 
ISSN: 0514-7158. Pub. country: GERMANY: Germany, Federal Republic of. 
Language: English. 
AB Responses to i.v. injected E. coli endotoxin (E) , followed by 

saline infusion, as compared with saline infusion alone, were studied for 
24 h in 1-week-old calves. After administration of E, respiratory rate 
(RR), heart rate (HR) , rectal temperature (RT) , serum iron, 
insulin, (I), Cortisol and tumor necrosis 

factor-alpha, transiently, and urea, continuously, increased. Isoleucine 
and leucine became elevated at 24 h, whereas white-blood-cell number, 

free 

fatty acids (FFA) and triglycerides (TG) 

increased after an initial fall. After administration of E, packed-cell 
volume, erythrocyte number, haemoglobin, glucose (G) , cholesterol, 
phospholipids (PL), lysine, arginine, proline, citrulline, calcium (Ca) , 
inorganic phosphorus, insulin-like growth factor I (IGF-I) and 
3, 5, 3 ' -triiodothyronine (T3) concentrations and alkaline phosphatase (AP) 
and gamma-glutamyl transferase (gamma GT) activities increased 
significantly while growth hormone decreased non-signif icantly . When 
saline was infused alone, G, TG, PL, Ca, AP, gamma GT, I, IGF-I and T3 
decreased, while FFA, urea and sodium increased, but, changes of G, urea, 
AP, IGF-I and T3 were less marked than after injection of E. 
Potassium, total protein and albumin concentrations, and 

glutamyl dehydrogenase and glutamate oxalacetate transaminase activities 
were not significantly affected by either treatment. In conclusion, 
metabolic and endocrine changes during saline infusion alone were typical 
for food withdrawal . Changes of variables after administration of E were 
transient, biphasic or sustained, thus expressing complex interactions 
between metabolic parameters, endocrine factors and cytokines. ' 
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94185955 EMBASE Document No.: 1994185955. Metformin and metoprolol CR 

treatment in non-obese men. Landin K. ; Tengborn L.; Smith U. . Department 
of Medicine, Sahlgrenska Hospital, S-4 13 45 Goteborg, Sweden. Journal of 
Internal Medicine 235/4 (335-341) 1994. 
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ISSN: 0954-6820. CODEN: JINMEO. Pub. Country: United Kingdom. Language: 
English. Summary Language: English. 
AB Objective. To study the effect of metformin and metoprolol CR on 
insulin sensitivity, blood lipids, fibrinolytic activity 
and blood pressure. Design. A double-blind, placebo controlled, triple 
cross-over study with randomization to either metformin, 850 mg b.i.d., 

or 

metoprolol CR 100 mg o.d., or placebo for a period of 18 weeks. The 
glucose uptake was measured with the euglycaemic clamp technique after 
every 6 weeks' treatment period. Blood pressure and blood samples were 
taken every 3rd week. Subjects. Eighteen non-obese men (53 .+-. 6 years 

of 

age). Results. Metformin decreased C-peptide (P < 0.02), FFA (P < 0.003), 
total and low-density lipoprotein cholesterol, tissue 
plasminogen activator antigen and the urinary 

potassium excretion (P < 0.05 for all), but not blood pressure compared 

to 

placebo. Metoprolol CR reduced diastolic blood pressure and pulse rate; 
fasting free fatty acids and the urinary potassium 

increased (P < 0.05 for all). No effect of metformin or metoprolol CR was 
seen on the glucose disposal rate, blood glucose, plasma insulin 
, triglycerides, high-density lipoprotein cholesterol, 

lipoprotein (a) , uric acid or plasminogen activator inhibitor 1 activity 

or 

antigen. The glucose uptake was not particularly decreased in 
these subjects. Conclusion. The study shows that metformin has some 
favourable effects on metabolism and that metoprolol CR is fairly neutral 
in this regard. The lack of effect of metformin on glucose disposal rate 
and blood pressure can be explained by the fact that the individuals 
studied were neither insulin resistant nor hypertensive. The 
data does not preclude an antihypertensive effect by treating a 
concomitant insulin resistance. 
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95044276 Document Number: 95044276. Hemostasis profile and lipid 

metabolism with long-interval use of a desogestrel-containing oral 
contraceptive. Cachrimanidou A C; Hellberg D; Nilsson S; von Schoulz B; 
Crona N; Siegbahn A. (Department of Obstetrics and Gynecology, Falu 
Hospital, Falun, Sweden. ) CONTRACEPTION, (1994 Aug) 50 (2) 153-65. 
Journal code: DQN. ISSN: 0010-7824. Pub. country: United States. 
Language : 

English . 

AB Thirty healthy women, aged 18 to 37, were randomly allocated to treatment 
with a desogestrel-containing oral contraceptive, with 20 women 
using a nine-week on, one-week off regimen, and 10 women using the 
traditional regimen. At 0, 3 and 12 months, blood samples were drawn for 
liver proteins, lipoproteins and hemostatic variables. No 
significant changes were observed between the two regimens. Sex hormone 
binding globulin (SHBG) and corticosteroid binding globulin (CBG, 
transcortin) were increased two- to four-fold, as a measure of 
estrogenicity . Minimal changes occurred within the lipoprotein 

cholesterol 

fractions, whereas there were some increases within the lipoprotein 
triglyceride fractions. Among the hemostatic variables, there were 
significant increases of fibrinogen, factor VII and thrombin/antithrombin 
III (TAT) complex. The coagulation inhibitors .antithrombin III, 

Prepared by M. Hale 308-4258 Page 25 



protein C and protein S, were essentially unchanged. A 
decrease of both tissue plasminogen activator 
antigen (t-PA) and tissue plasminogen 

activator inhibitor activity (PAI activity) of the fibrinolytic 
system was observed. A nine-week regimen does not seem to alter 
lipid metabolism and coagulation more than a three-week regimen 



94338416 Document Number: 94338416. Relationships of plasminogen activator 
inhibitor-1 to anthropometry, serum insulin, 
triglycerides and adipose tissue fatty acids 

in healthy men. Cigolini M; Targher G; Seidell J C; Schiavon R; Manara F; 
Zenti M G; Mattioli C; De Sandre G. (Institute of Clinical Medicine, 
University of Verona, Italy.. ) ATHEROSCLEROSIS, (1994 Apr) 106 (2) 
139-47. Journal code: 95X. ISSN: 0021-9150. Pub. country: Ireland. 
Language: English. 

AB Increased plasma levels of plasminogen activator inhibitor-1 (PAI-1), 

responsible for reduced fibrinolytic activity, have been shown to be an 
important risk factor for cardiovascular disease. PAI-1 plasma levels are 
influenced by several factors which have not yet been fully clarified, 
including dietary fat intake. The relationships of PAI-1 with other 
cardiovascular risk factors are still not well known. In a random sample 
of 38-year-old healthy men (n = 94), the association of PAI-1 plasma 
levels (measured as activity and antigen) with anthropometric 
parameters, serum lipids, fasting and 2 h insulin and 
glucose concentration after oral glucose-load was analysed. 
Furthermore, the fatty acid composition of 

subcutaneous adipose tissue, as an objective and reliable index of 
dietary 

fat intake, was measured. The univariate analysis showed that plasma 

levels of PAI-1 were significantly associated with body mass index (BMI) 

(r = 0.37, P < 0.001), waist/hip ratio (WHR) (r = 0.26, P < 0.01), serum 

triglycerides (r = 0.47, P < 0.0001), HDL/total cholesterol ratio 

(r = -0.35, P < 0.001), fasting and 2-h insulin (r =0.27, P < 

0.01 and r = 0.34, P < 0.001) and glucose concentrations (r = 0.25, P < 

0.05 and r = 0.28, P < 0 . 01) . (ABSTRACT TRUNCATED AT 250 WORDS) 
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94096098 EMBASE Document No.: 1994096098. Long-term influence of omega-3 

fatty acids on fibrinolysis, fibrinogen, and serum 

lipids. Eritsland J.; Seljeflot I.; Abdelnoor M.; Arnesen H. . 

Department of Cardiology, Ulleval Hospital, 0407 Oslo, Norway. 
Fibrinolysis 

8/2 (120-125) 1994. 

ISSN: 0268-9499. CODEN: FBRIE7 . Pub. Country: United Kingdom. Language: 
English. Summary Language: English. 
AB The long-term influence of omega-3 fatty acids 

(.omega. -3 FA) on fibrinolytic parameters before and after venous 
occlusion (VO) , fibrinogen, and serum lipids was assessed in a 
group of moderately hypertriglyceridemia patients undergoing 
coronary artery bypass surgery. The patients (n = 58) were investigated 
before the operation (baseline), and 6 months afterwards. Following 
randomization postoperatively, 29 patients received 4 g .omega. -3 FA 
concentrate, containing 3.4 g eicosapentaenoic and docosahexaenoic acid 
per day. The remaining 29 patients constituted the control group. 
Plasminogen activator inhibitor (PAI-1) activity had decreased in both 
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groups at 6 months, whereas PAI-1 antigen increased in the 
.omega. -3 FA group and decreased in the control group (median change from 
baseline, 10.0% vs -12.9 %, p = 0.039). In both groups combined, there 

a correlation between the change in PAI-1 antigen and the change 
in serum phospholipid .omega. -3 fatty acids (r = 0.28, 
p = 0.036). There was no group difference in tissue 
plasminogen activator activity and antigen, 

before as well as after VO. Global fibrinolytic activity after VO, 
assessed by the serum D-dimer method, was not statistically different in 
the two groups . Serum triglyceride levels were more reduced in 
the .omega. -3 FA group (median change from baseline, -34.5 % vs -11.1% in 
the control group, p = 0.001). There was no group difference in the 
concentrations of fibrinogen or cholesterol in lipoprotein fractions. 
Thus, an expected triglyceride- lowering effect by .omega. -3 FA 
was recorded, but except for an increase in PAI-1 antigen, no 
long-term influence on fibrinolytic parameters was noted. 
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94247234 EMBASE Document No.: 1994247234. Dietary fish oil enhances 

macrophage production of nitric oxide. Chaet M.S.; Garcia V.F.; Arya G.; 

Ziegler M.M. . Division Pediatric Surgery, Department of Surgery, 

University of Cincinnati, Cincinnati, OH 45229, United States. Journal of 

Surgical Research 57/1 (65-68) 1994. 

ISSN: 0022-4 804. CODEN: JSGRA2 . Pub. Country: United States. Language: 
English. Summary Language: English. 
AB Nitric oxide (NO) is recognized as an important mediator of hemodynamic 
regulation and multisystem organ failure (MOF) . Although polyunsaturated 
fatty acids (PUFA) are known to modify the elaboration 

of some humoral mediators in MOF, their effect upon NO production has not 
been evaluated. This study was designed to examine the effect of omega— 3 
(.omega. 3) and omega- 6 (.omega. 6) PUFA on macrophage production of NO, 
TNF, PGE2, and PGI2. Rats were fed diets of 18% by calorie 
saf flower oil (.omega. 6) or fish oil (.omega. 3) for 12 

days. Bronchoalveolar macrophages (BAM) were divided into group A (medium 

only), group B (0.5 .mu.g/ml PGE2 or PGI2 + medium) or group C (10 .mu.M 

indomethacin + medium) . Cells were stimulated with 100 U/ml 

interferon- . gamma . and 10 .mu.g/ml Escherichia 

coli-LPS. In group A, BAM from animals fed .omega. 3 produced 

significantly more NO (3.64 vs 1.92 .mu.M, P < 0.05) and TNF (8.52 vs 

1.75 

.mu.g/ml, P < 0.05) than BAM from . omega. 6-fed animals. The addition of 
exogenous PGE2 or PGI2 (group B) ablated the difference in NO and TNF 
observed in group A. Indomethacin also (group C) ablated the difference 

in 

NO and TNF production seen in .omega. 3- and .omega. 6-fed animals noted in 
group A. These data demonstrate that PUFA influence BAM production of NO 
and TNF. Changes in the . omega. 6-derived prostanoids may account for the 
differences in TNF production, but these data suggest that PGE2 and PGI2 
are not responsible for the observed differences in NO production. 
Through 

its effect upon macrophage NO production, manipulation of exogenous 

. omega. 3/ . omega. 6 PUFA may be of value in the management of patients at 

risk for development of MOF. 
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93351119 EMBASE Document No.: 1993351119. Effects of fish oil supplemented 
with pyridoxine and folic acid on homocysteine, atherogenic index, 
fibrinogen and plasminogen activator inhibitor-1 in man. Haglund 0.; 
Hamfelt A.; Hambraeus L.; Saldeen T. . Department of Forensic Medicine, 
University of Uppsala, Sundsvalls Hospital, Sundsvall, Sweden. Nutrition 
Research 13/12 (1351-1365) 1993. 

ISSN: 0271-5317. CODEN: NTRSDC. Pub. Country: United States. Language: 
English. Summary Language: English. 
AB Twelve volunteers, healthy or with slightly to moderately increased blood 
lipids, participated in a double-blind cross-over study in which 
they received 30 mL of fish oil with or without supplementation of the B 
vitamins pyridoxine (80 mg/daily) and folic acid (10 mg/daily) for 4 
weeks. These vitamins have been reported to decrease homocysteine, a risk 
factor for cardiovascular disease, and to be involved in the metabolism 

of 

unsaturated fatty acids. Fish oil with and without 

vitamin supplementation resulted in lower levels of triglycerides 

and increased HDL cholesterol levels. Atherogenic index decreased by 24% 

(p<0.05) after the vitamin supplemented fish oil and by 12% (p<0.05) 

after 

the other oil. Plasma fibrinogen decreased by 15% (p<0.01) after the 
vitamin supplemented fish oil and by 6% (n.s.) after the other fish oil. 
The effect on atherogenic index and fibrinogen were significantly 
different with the two treatments (p<0.05) . Plasma homocysteine decreased 
by 30% after the vitamin supplemented oil, an effect due mainly to the 
vitamins. Plasminogen activator inhibitor-1 antigen increased by 
68% (p<0.01) after fish oil alone and by 43% (n.s.) after the vitamin 
supplemented fish oil. The difference between the two treatments was not 
statistically significant. The fish oil fatty acids 
and these B vitamins might thus have a synergistic effect on the 
lipid metabolism and fibrinogen synthesis. The results may be of 
importance when fish oils are prescribed to persons with risk factors for 
cardiovascular disease. 
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93211940 EMBASE Document No.: 1993211940. The effects of a biological 
response modifier, OK-432, on tumor-induced alterations in the host 
metabolism. Noguchi Y. ; Tsuburaya A.; Makino T.; Fukuzawa K. ; Nomura K. ; 
Yoshikawa T.; Matsumoto A.; Moriya Y. ; Masuda K. . First Department of 
Surgery, Yokohama City University, School of Medicine, 3-9 
Fukuura, Kanazawa-ku, Yokohama 236, Japan. Surgery Today 23/7 (621-625) 
1993. 

ISSN: 0941-1291. CODEN: SUT0E5. Pub. Country: Japan. Language: English. 

Summary Language: English. 

AB The effects of multicytokine inducer, OK-432, on tumor-induced metabolic 

alterations were studied by assessing three key regulatory enzymes of 

gluconeogenesis, de novo fatty acid synthesis and the 

triglyceride clearance pathways. Two Klinish Einheit (KE) of 

OK-432 was subcutaneously injected on alternate days, for 10 

days, into Fischer '344 rats with or without methylcholanthrene-induced 

sarcoma. At the time of sacrifice, the tumors accounted for approximately 

23% of their total body weight. The injections of OK-432 did not 

affect the amount of food intake in either the tumor bearers or the 

controls. The tissue lipoprotein lipase activities in the epididymal fat 

pads of the tumor bearers were significantly decreased compared with the 

controls (P < 0 . 01) . Phosphqenolpvruvate carboxykinase activity in the 
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liver was significantly increased (P < 0.01), while malic enzyme activity 
tended to be decreased in the tumor bearers compared with the controls. 
However, there were no significant differences in those activities 
depending on the OK-432 injections, even though OK-432 induced 
tumor necrosis factor (TNF) and increased cytotoxic 

activities in the mesenteric lymph nodes as well as in the spleen. Thus, 
although the role of monokines in inducing cancer cachexia is not yet 
clearly understood, OK-432 was not able to revert the tumor-induced 
metabolic alterations which lead to tissue wasting and cancer cachexia. 
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1993:3112 Document No. 118:3112 Polyunsaturated fatty 

acids and experimental radioimmunotherapy of breast cancer. 
Blank, Edward W.; Lin, Chu Y.; Peterson, Jerry A.; Ceriani, Roberto L. 
(John Muir Cancer Aging Res. Inst., Walnut Creek, CA, 94596, USA). 
Antibody, Immunoconjugates, Radiopharm. , 5(3), 307-16 (English) 1992. 
CODEN: AIRAEB. ISSN: 0892-7049. 

AB Fed a dietary source of fat from either fish oil (MaxEPA) , corn 
oil, or lard, BALB/c (nu/nu) nude mice carrying established 
transplantable human breast tumors (MX-1) were treated with either an 
unconjugated mixt . (cocktail) or an 1311-labeled cocktail of four (Mcl, 
Mc3, Mc5 and Mc8) anti-human milk fat globule monoclonal 
antibodies (MoAbs) . Dietary manipulation was confirmed by 
fatty acid anal, of serum, liver and tumor samples. 

According to flow cytometry and biodistribution studies, no changes in 

target antigen content or uptake of the radiolabeled antibodies 

by the tumors was obsd. for any of the diets. Tumor vol. of mice fed 

MaxEPA supplemented diet was reduced to 36% of that of corn 

oil and lard fed control groups. However, injection of 

unconjugated MoAbs reduced tumor vols, only in corn oil 

fed nude mice, when each group was compared to its resp. control. In 

contrast, injection of 1311-MoAbs produced large tumor vol. 

redns . in all dietary groups. However, groups fed MaxEPA and 

injected with 1311-labeled MoAbs showed the greatest tumor redn. 

and enhanced therapeutic effect, without apparent toxic effects. 

L85 ANSWER 37 OF 53 CAPLUS COPYRIGHT 2001 ACS 

1991:614855 Document No. 115:214855 Sustained-release composition for 
macromolecular proteins. Sivaramakrishnan, Kallidaikuric; Gray, 
Matthew W. (Pitman-Moore, Inc., USA). PCT Int. Appl . WO 9105548 Al 
19910502, 40 pp. DESIGNATED STATES: W: AU, BB, BG, BR, CA, FI, HU, JP, 
KP, KR, LK, MC, MG, MW, NO, RO, SD, SU; RW: AT, BE, BF, BJ, CF, CG, CH, 
CM, DE, DK, ES, FR, GA, GB, IT, LU, ML, MR, NL, SE, SN, TD, TG. 
(English). CODEN: PIXXD2 . APPLICATION: WO 1990-US5345 19900920. 
PRIORITY: US 1989-420156 19891010. 

AB A sustained-release pharmaceutical compn. comprises a solid wax 
matrix having a macromol. protein and a water-insol. 
surfactant uniformly dispersed therein. A sustained 
release compn. contained beeswax 90, Mazol (I) 10, and bovine serum 
albumin 10% released 100% of the protein after 14 days as 
compared to 25% for the control having PPG instead of I. 
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92049236 EMBASE Document No.: 1992049236. The use of alternative therapies 

by 
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Rowlands C; Powderly W.G. . Aids Clinical Trials Unit, Box 8011, 
Washington University School of Medicine, 660 S. Euclid, St. Louis, MS 
63110, United States. Missouri Medicine 88/12 (807-810) 1991. 
ISSN: 0026-6620. CODEN: MIMIA2. Pub. Country: United States. Language: 
English. Summary Language: English. 
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92191257 Document Number: 92191257. Impact of transfer from animal-source 
insulins to biosynthetic human insulin (rDNA E coli) in 
patients with diabetes mellitus. Garber A J; Davidson J A; Krosnick A; 
Beaser R S; Anderson J H Jr. (Department of Medicine, Baylor College of 
Medicine, Houston, Texas.. ) CLINICAL THERAPEUTICS, (1991 Sep-Oct) 13 (5) 
627-36. Journal code: CPE. ISSN: 0149-2918. Pub. country: United States. 
Language: English. 

AB Six hundred forty-eight patients (50.5% men; 49.5% women) with diabetes 
mellitus on animal-source insulin therapy for at least five 
years were studied. In this patient population, approximately 68.7% had 
Type I insulin-dependent diabetes mellitus and 31.3% had Type II 
noninsulin-dependent diabetes mellitus, nonetheless requiring 
insulin therapy. Patients were voluntarily transferred from 
animal-source insulin to biosynthetic human insulin 
derived by recombinant DNA technology from genetically altered 
Escherichia coli [human insulin (rDNAE coli)] 

and were monitored regularly thereafter. At a mean interval of 14 months 

after transfer to human insulin (rDNAE coli), these patients had 

gained 0.8 kg in body weight (P less than 0.01). There was a significant 

decline in systolic (P less than 0.01) but not in diastolic blood 

pressure. Insulin requirements while on animal-source 

insulin averaged 47.6 +/- 22.9 U/day (mean +/- SD) ; this 

requirement was not significantly different after transfer to human 

insulin (rDNAE coli) (47.0 +/- 21.2 U/day). The distribution of 

regular and modified insulin types prescribed did not change 

after patients were transferred from animal-source insulin to 

human insulin (rDNAE coli) . However, a significant increase in 

the number of insulin injections from 1.79 +/- 0.59 to 

1.96 +/- 0.61 injections/day was observed (P less than 0.001). 

Fasting glucose levels declined significantly from 202 +/- 87 mg/dl on 

animal-source insulin to 178 +/- 66 mg/dl on human 

insulin (rDNAE coli) (P less than 0.001). Postprandial glucose 

levels (at two hours) also declined from 227 +/- 83 mg/dl to 212 +/- 80 

mg/dl. Glycosylated hemoglobin (HbAlc) decreased from 9.57 +/- 2.01% 

while 

taking animal insulin to 8.97 +/- 2.00% on human insulin 
(rDNAE coli) (P less than 0.001) Serum cholesterol and 
triglyceride levels insulin (rDNAE coli) . Serum 

high-density lipoprotein cholesterol (HDL-cholesterol ) levels increased 
from 54.2 +/- 15.1 mg/dl on animal insulin to 57.2 +/- 15.5 
mg/dl on human insulin (rDNAE coli) (P less than 0.001). These 
data demonstrate that transfer of patients from animal-source 
insulins to human insulin (rDNAE coli) was associated 

with: (1) an improvement in glycemic control parameters; (2) a slight 

increase in the number of insulin injections in some 

patients, but no overall alteration in insulin requirements; and 

(3) no adverse trends in indicators of cardiovascular risks, such as 

serum 

lipids. Indeed, overall cardiovascular risk may have declined not 
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only as a result of improvement in glycemic control, but also owing to a 
reduction in systolic blood pressure and an elevation in HDL-cholesterol 
levels . 
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91266027 EMBASE Document No.: 1991266027. Gastrointestinal lymphatic 

absorption of peptides and proteins. Rubas W. ; Grass G.M. . 

Genentech, Inc., Pharmaceut. Res . /Development, 4 60 Point San Bruno 

Boulevard, South San Francisco, CA 94080, United States. Advanced Drug 

Delivery Reviews 7/1 (15-69) 1991. 

ISSN: 0169-409X. CODEN: ADDREP. Pub. Country: Netherlands. Language: 
English. Summary Language: English. 
AB There is no doubt that intact peptides and proteins do cross the 

gastrointestinal wall into the lymphatics. Transfer from the lumen into 
the lymph system occurs in both lymphoid (PP) and non-lymphoid tissue 
(villous) . Contribution by the paracellular pathway may be low. Transfer 
into lymph vessels via non-lymphoid tissue depends upon the lipid 
pathway, vehicle effects, sieving mechanisms of the blood vessels, and 

the 

application site. The best lymphatic access has been achieved from the 
proximal small intestine, while rectal application has also been proven 

to 

be suitable. Utilizing formulations composed of a long chain and 
unsaturated fatty acid in combination with a 

surfactant favors transfer into lymph. The most promising results 
were achieved with combinations resembling chylomicrons, attempting to 
direct the compound into chylomicrons. For smaller substances such as 
peptides, the physicochemical characteristics are one of the key factors 
for lymphatic uptake. Substances which are highly lipophilic favor 
lymphatic passage. Assessment of solubility in peanut 
oil and/or in the viscous isotropic. phase of the digested 
lipids is a useful tool to predict the lymph absorption potential. 
In order to utilize the sieving mechanism, conversion of a substance into 
a drug-polymer complex such as dextran or cyclodextran together with 
co-application of an absorption promoter (bifunctional system) has been 
shown to be feasible and suitable for lymphatic delivery. Endocytotic 
processes if present at all play a minor role in non-lymphoid tissue 
uptake. The most prominent uptake mechanism for particles and 
microspheres 

in lymphoid tissue is phagocytosis. The extent depends on surface 
property, the amount administered, and the suspension vehicle. 
Hydrophobic 

surfaces and aqueous suspending vehicles appear best. Transcytosis 
through 

PP, also called the M-cell route, seems to be most suited for highly 

potent compounds such as lymphokines and antigens (vaccines) . 

The reasons are: (a) limited number of PP, thus, the overall surface area 

is relatively small, and therefore the total absorption potential is 

limited, and (b) PP tissue is rich in lymphocytes, thus, substances which 

interact with lymphocytes are best targeted to PP when using the 

oral route. Oral delivery to local lymph nodes by means 

of carrier systems (i.e. poly (lactide-co-glycolide) microspheres) via the 
M-cell route appears very promising. Migration, however, into and- through 
the mesenteric lymph appears limited to microspheres less than 5 .mu.m in 
diameter. Though both cell types, M cells and enterocytes, share the same 
common glycoproteins and cjlvcgligids j number microorganisms are able^ 



to bind selectively to a receptor on the M-cell surface and thereby enter 
the host. Utilizing the microorganism's ligand could be beneficial for 
specific targeting to PP, bypassing lysosomal degradation in absorptive 
cells. Moreover, transport of a membrane-bound macromolecule by M cells 



is 



about 50 times more efficient than a soluble, non-adherent 
macromolecules . 
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1991:178380 Document No. 114:178380 Enhancing cancer therapy by 
administration of unsaturated fatty acids. Ceriani, 

Roberto Luis; Peterson, Jerry Arthur (USA). Eur. Pat. Appl. EP 385859 Al 
19900905, 29 pp. DESIGNATED STATES: R: DE, ES, FR, GB, IT, NL. 
(English). CODEN: EPXXDW. APPLICATION: EP 1990-400552 19900228. 
PRIORITY: US 1989-317411 19890301. 
AB Polyunsatd. fatty acids, prostaglandins, 

prostacyclins, thromboxanes, leukotrienes, malonaldehyde and triene 
epoxides enhance the effectiveness of cancer therapy, such as by 
chemotherapeutic agents, hormones, external or internal irradn., 
anti-target cell antibodies, biol . -response modifiers, anti-cell 
antigen specific antibodies and hyperthermia. The vol. of 
transplanted MX-1 breast tumors in mice was decreased by the 
injection of 1311-conjugated anti-breast epithelial 
monoclonal antibodies. The effect was enhanced when the 
mice were kept on a diet of fish-type oil, rich in polyunsatd. 
fatty acids, such as eicosapentaenoic and 
docosahexaenoic acid. Corn oil had only a slight 
effect . 
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1990:513539 Document No. 113:113539 Lipopolysaccharide and tumor 
necrosis factor cause a fall in plasma concentration of 
lecithin: cholesterol acyltransf erase in cynomolgus monkeys. 
Ettinger, Walter H. ; Miller, Lisa D.; Albers, John J.; Smith, Thuy K. ; 
Parks, John S. (Dep. Intern. Med., Wake Forest Univ., Winstom-Salem, NC, 
27103, USA). J. Lipid Res., 31(6), 1099-107 (English) 1990. CODEN: 
JLPRAW. ISSN: 0022-2275. 

AB The effects of i.v. injection of lipopolysaccharide (LPS) and 
tumor necrosis factor alpha (TNF) were investigated in 
cynomolgus monkeys (Macaca f ascicularis) . Injection of 20 
.mu.g/kg of LPS from Escherichia coli (serotype 

055 :B5) into cynomolgus monkeys fed a monkey chow diet caused a 2-fold 

increase in plasma triglyceride and a 25% redn. in plasma 

cholesterol 48 h after injection. Similar results were found 

with injection of recombinant human. TNF at a dose of 20 .mu.g/kg 

into chow-fed animals. However, injection of the same dose of 

LPS or TNF into animals fed an atherogenic diet contg. satd. fat and 

cholesterol resulted in a 2.4-5-fold increase in plasma 

triglyceride concns . and no significant change in plasma 

cholesterol levels. The fall in plasma cholesterol levels obsd. in 

chow-fed animals was assocd. with a 57% decrease in the cholesteryl ester 

(CE) content in low d. lipoprotein (LDL) and 35% decrease in CE in high 

d. 

lipoprotein (HDL) in LPS-injected animals, and a decrease of 33% 

in CE concn. of LDL and 41% in CE of HDL in animals injected 

with TNF. In animals fed the atherogenic diet contg. satd. fat and 
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cholesterol, the injection of both LPS and TNF also resulted in 

a significant decrease in the CE content of LDL and HDL. However, the 

plasma total cholesterol levels did not change in the animals fed satd. 

fat and cholesterol because the decrease in CE content of LDL and HDL was 

offset by an increase in very low d. lipoprotein (VLDL)-CE. Plasma 

lecithin: cholesterol acyltransf erase (LCAT) activity declined to 

22% and 54% of control values 24 h after LPS and TNF injection, 

resp. Similarly, plasma concn. of LCAT mass detd. by RIA declined 35% in 

animals injected with LPS and 27% in animals injected 

with TNF within 24 h. Direct addn. of LPS or TNF to an in vitro assay of 
LCAT activity in control plasma had no effect on LCAT activity suggesting 
that LPS and TNF did not directly inhibit LCAT activity. A part of the 
lipoprotein changes obsd. after LPS injection may be due to a 
decline in LCAT mass and a decrease in generation of cholesteryl ester in 
plasma. The cytokine, TNF, is an important mediator of these phenomena. 
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90240355 Document Number: 90240355. Triglyceride kinetics, tissue 

lipoprotein lipase, and liver lipogenesis in septic rats. Lanza-Jacoby S; 
Tabares A. (Department of Surgery, Jefferson Medical College, 
Philadelphia, Pennsylvania 19107. ) AMERICAN JOURNAL OF PHYSIOLOGY, (1990 
Apr) 258 (4 Pt 1) E678-85. Journal code: 3U8 . ISSN: 0002-9513. Pub. 
country: United States. Language: English. 

AB The mechanism for the development of hypertriglyceridemia during 

gram-negative sepsis was studied by examining liver production and 
clearance of very-low-density lipoprotein (VLDL) triglyceride 
(TG) . To assess liver output and peripheral clearance the kinetics of 
VLDL-TG were determined by a constant iv infusion of [2-3H] glycerol- 
labeled VLDL. Clearance of VLDL-TG was also evaluated by measuring 
activities of lipoprotein lipase (LPL) in heart, soleus muscle, and 
adipose tissue from fasted control, fasted E. coli-treated, fed control, 
and fed E. coli-treated rats. Lewis inbred rats, 275-300 g, were made 
septic with 8 x 10(7) live E. coli colonies per 100 g body wt . 

Twenty-four 

hours after E. coli injection, serum TG, free fatty 
acids (FFA), and cholesterol of fasted E. coli-treated rats were 
elevated by 170, 76, and 16%, respectively. The elevation of serum TG may 
be attributed to the 67% decrease in clearance rate of VLDL-TG in fasted 
E. coli-treated rats compared with their fasted controls. The suppressed 
activities of LPL in adipose tissue, skeletal muscle, and heart were 
consistent with reduced clearance of TG. Secretion of VLDL-TG declined by 
31% in livers of fasted E. coli-treated rats, which was accompanied by a 
twofold increase in the composition of liver TG. Rates of in vivo TG 
synthesis in livers of the fasted E. coli-treated rats were twofold 
higher 

than in those of fasted control rats. Decreased rate of TG appearance 
along with the increase in liver synthesis of TG contributed to the 
elevation of liver lipids in the fasted E. coli-treated 
rats. (ABSTRACT TRUNCATED AT 250 WORDS) 
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91150982 EMBASE Document No.: 1991150982. The comparative effects of n-3 and 

n-6 polyunsaturated fatty acids on plasma fibrinogen 

levels: A controlled clinical trial in hypertriglyceridemia 

subjects. Radack K. ; Deck C; Huster G. . Division of General Internal 

Medicine, 231 Bethesda Avenue. Mail Location 535, Cincinnati, OH 45267, 
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United States. Journal of the American College of Nutrition 9/4 
(352-357) 
1990. 

ISSN: 0731-5724. CODEN: JONUDL. Pub. Country: United States. Language: 
English. Summary Language: English. 
AB It has previously been shown that fish oil supplementation, compared to 
olive oil, reduces plasma fibrinogen. Presented here are 
the results of a randomized, double-blind, crossover controlled trial 

that 

compared the effects of dietary n-3 and n-6 fatty acid 
supplementation on plasma fibrinogen levels in 10 patients with 
hyperlipoproteinemia types lib or IV. Plasma fibrinogen levels showed 
statistically significant reductions during both the fish oil and 
corn oil treatment periods. Other variables related to 
hemostasis which showed no significant changes from baseline included 
tissue plasminogen activator activity and 
inhibitor, protein C antigen, antithrombin III 

activity, bleeding time, and platelet counts. These data confirm the two 
previous reports that fish oil supplementation is associated with 
reductions in plasma fibrinogen levels, thereby modifying a potential 
nonlipid risk factor for cardiovascular disease. Unlike previous reports, 
however, n-6 polyunsaturated fatty acids were also 

associated with significant reductions in fibrinogen levels. Therefore, 

it 

is premature to conclude that the f ibrinogen-lowering effects of dietary 
fish oil are unique to n-3 polyunsaturated fatty acids 
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89171034 EMBASE Document No.: 1989171034. Plasma fibrinolytic activity after 
ingestion of omega-3 fatty acids in human subjects. 

Takimoto G.; Galang J.; Lee G.K.; Bradlow B.A. . Division of Hematology, 
Department of Pathology, Michael Reese Hospital and Medical Center, 
Chicago, IL, United States. Thrombosis Research 54/6 (573-582) 1989. 
ISSN: 0049-3848. CODEN: THBRAA. Pub. Country: United States. Language: 
English. Summary Language: English. 

AB Plasma fibrinolytic activity was measured in human volunteers after 30 

day 

periods of ingestion of fish oil product (Max Vita) containing 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) and a wheat 
germ oil product containing alpha linolenic acid. Compliance was 
confirmed 

by significant increases in plasma levels of EPA and DHA and by 

significant falls in serum triglyceride levels. Platelet 

aggregation in platelet rich plasma and in whole blood was not altered 

significantly by fish oil or wheat germ oil. Neither fish oil or wheat 

germ oil caused any significant change in tissue 

plasminogen activator (tPA) or its inhibitor (PAI) 

measured enzymatically or in tPA antigen measured by an ELISA 

method. All these analytes (tPA, PAI, and tPA antigen) were 

measured before and after venous compression. 
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88265642 EMBASE Document No.: 1988265642. Reduction in plasminogen activator 

inhibitor-1 (PAI-1) with omega-3 polyunsaturated fatty 

acid (PUFA) intake. Mehta J.; Lawson p.; Saldeen T. . Veterans 
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Administration Medical Center, Gainesville, FL, United States. American 
Heart Journal 116/5 I (1201-1206) 1988. 

ISSN: 0002-8703. CODEN: AH JOA2 . Pub. Country: United States. Language: 
English. Summary Language: English. 
AB Activity of plasminogen activator inhibitor-1 (PAI-1) in human blood 
correlates with thrombotic tendency and with serum triglyceride 
concentrations. Since intake of fish-derived omega-3 polyunsaturated 
fatty acids (PUFA) decreases serum triglycerides 

, we examined the effects of omega-3 PUFA maximum eicosapentaenoic acid 
(Max EPA) intake on PAI-1 levels in eight patients with coronary artery 
disease and in four normal subjects. After 4 weeks of Max-EPA intake by 
coronary artery disease patients, serum triglyceride 
concentrations and PAI-1 levels decreased 43 .+-. 8% and 21 .+-. 5%, 
respectively (both p .ltoreq. 0.01) without any change in tissue 
plasminogen activator (TPA) levels. No changes were 

noted at 1 week of Max EPA intake in normal subjects, but at 3 weeks 

serum 

triglyceride concentrations and PAI-1 levels decreased 32 .+-. 13% 

and 22 .+-. 4%, respectively (p .ltoreq. 0.02) without change in TPA. The 

magnitude of reduction in triglycerides was dependent on the 

initial serum concentration (r = 0.68, p .ltoreq. 0.01). In addition, 

decrease in PAI-1 levels correlated with reduction in serum 

triglycerides (r = 0.79, p .ltoreq. 0.01). This study shows that 

omega-3 PUFA intake reduces PAI-1 levels without change in TPA 

antigen. These observations may relate to decrease in thrombotic 

activity upon consumption of large amounts of fish or fish-derived 

products . 
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78374618 EMBASE Document No.: 1978374618. Glucose tolerance in viral 
hepatitis. A study of twenty patients during the acute phase and 
after recovery. Chupin M. ; Charbonnel B.; Le Bodic L.; et al.. Dept. 

Clin. 

Med. B, CHU, Hotel-Dieu, 44035-Nantes, France. Diabetes 27/6 (661-669) 
1978.. 

CODEN: DIAEAZ. Pub. Country: United States. Language: English. 

AB Twenty patients with viral hepatitis were investigated during 

the acute phase and after recovery in order to study their glucose 

tolerance. During hepatitis, three tests were performed: 

oral and intravenous glucose tolerance tests and tolbutamide test, 

with measurements of glucose, insulin, free fatty 

acids, triglycerides, growth hormone, and Cortisol. 

After recovery, a control oral glucose tolerance test was 

performed. All these results were compared with those of healthy 

controls . 

During the acute phase, both oral and intravenous glucose 
tolerance tests showed two groups of patients: nine with normal glucose 
tolerance but significant hyperinsulinism, and 11 with glucose 
intolerance 

but a delayed and not increased insulin response. Tolbutamide 

test was always normal, without any difference between these two groups. 

Free fatty acids (FFA) were increased only in the 

glucose-intolerant group; there was a significant negative correlation 

between basal FFA and the K values. Triglycerides were increased 

in the two groups, but were higher in the normal glucose-tolerant one. 

Growth hormone and Cortisol were increased only when the K value was verv 
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low. All these parameters returned to normal in all the patients, after 
their recovery. Clinical features, hepatic tests, and HLA typing were 
similar in the two groups, with no significant differences. A comparative 
group of patients with mild and nonhepatic infections did not show any 
abnormalities. This study suggests there is a transitory insulin 
-resistant state during viral hepatitis, which can be due to an 
increase in FFA concentrations. Glucose intolerance occurs in half of the 
cases, possibly as a consequence of an additional .beta. -cell impairment. 
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1978:577527 Document No. 89:177527 Changing circulating levels of 
lipids, insulin and glucagon during experimental acute 

pancreatitis. Mizuma, K.; DeLamater, P. V.; Lee, P. C; Appert, H. E.; 
Howard, John M. (Dep. Surg., Med. Coll. Ohio, Toledo, Ohio, USA). Surg., 
Gynecol. Obstet., 147(4), 577-82 (English) 1978. CODEN: SGOBA9. ISSN: 
0039-6087. 

AB Acute pancreatitis was induced by intraductal injection of 10 
mg/kg taurocholate or Escherichia coli endotoxin (1 

mg/kg) in dogs. Plasma amylase and lipase levels rose significantly in 
both instances. In dogs receiving taurocholate, insulin and 
glucose levels in the plasma rose significantly 0.5-1 h after onset of 
pancreatitis. No change in plasma glucagon levels were obsd. In dogs 
receiving endotoxin, neither a transient increase in insulin nor 
a hyperglycemia was obsd. Instead, a rise in glucagon levels, 3 to 24 h 
after onset of pancreatitis, was seen. This was accompanied by 
hypoglycemia. Also, a rise in plasma free fatty acids 
and triglyceride levels was evident at 4 to 48 h after the onset 
of pancreatitis. I.m. injection of endotoxin did not result in 
an increase in serum amylase or lipase levels but caused 
hyperglucagonemia . No change in the plasma free fatty 
acid concn. was found in these dogs and only a short term change 
in the triglyceride level in the plasma was seen. Thus, 
pancreatitis, per se, does not necessarily result in an increase in 
plasma 

insulin levels . The 2 forms of induced pancreatitis produced 
strikingly different hormonal patterns. Plasma glucose levels did not 
always correspond to predicted hormonal levels, in this instance, 
hypoglycemia was accompanied by hyperglucagonemia and hyperglycemia by 
hyperinsulinism. Endotoxin may have a direct effect in causing 
hyperglucagonemia . 
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1977:173384 Document No.: BA63:68248. REINVESTIGATION OF HYPER GLYCEMIC 

RESPONSE TO GLUCAGON AND THE EFFECT OF GLUCAGON ON BLOOD CHOLESTEROL AND 

TRI GLYCERIDE CONCENTRATIONS PART 2 CHANGES IN LIVER DISEASE. OKUNO G; 

KURODA K. FOLIA ENDOCRINOL JPN, (1976 (RECD 1977)) 52 (12), 1202-1211. 

CODEN: NNGZAZ. ISSN: 0029-0661. Language: Unavailable. 

AB Early preparations of glucagon were contaminated by considerable amounts 

of insulin and other impurities. This led to the reinvestigation 

of the hyperglycemic response using a recent glucagon preparation which 

contained very little insulin (5 mu [milliunits] /mg) . Since 

little is known about the influence of glucagon on the cholesterol and 

triglyceride metabolism and because carbohydrate 

metabolism is closely related to lipid metabolism, blood 

concentrations of cholesterol and triglyceride were determined 

after glucagon administration. In the , previous report, hyperglycemic 
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response to glucagon in diabetics was positively correlated with fasting 
blood glucose, which differed entirely from earlier reported results. 
Glucagon induced a statistically significant decrease in 
triglyceride concentration but no change in cholesterol 

concentration both in normal and diabetic. In this study, 34 cases with 

liver disease including 18 cases with acute hepatitis, 7 cases 

with chronic hepatitis and 9 cases with liver cirrhosis were 

investigated. Glucagon, 1 mg dissolved in 20 ml of physiological saline, 

was injected i.v., and blood specimens were analyzed before and 

15, 30, 45, 60, 90 and 120 min after administration. The mean maximum 

increment of blood glucose in acute hepatitis (14.4 .+-. 2.3 

mg/dl, mean .+-. SEM) and liver cirrhosis (22.9 .+-. 5.1 mg/dl) were 

significantly lower compared to normal controls (44.6 .+-. 4.3 mg/dl). 

The 

increment in chronic hepatitis (29.7 .+-. 6.3 mg/dl) decreased. 

In acute hepatitis, the maximum glucose response to glucagon 

correlated inversely with the degree of jaundice. The peak time of blood 

glucose was more delayed than in normals. In chronic hepatitis 

and liver cirrhosis, the return of blood glucose to basal levels was also 

more delayed than in normals. Insulin secretion after glucagon 

injection was almost abolished in acute hepatitis. In 

chronic liver disease, especially in cirrhosis of the liver, . SIGMA. IRI 
[total immunoreactive insulin] was higher than in normals. 
Significant improvement of both hyperglycemic and insulin 
response to glucagon were obtained in acute hepatitis after 
treatment. Blood triglyceride concentrations after glucagon were 
not constant in individual cases. The mean concentrations of 
triglyceride in acute and chronic hepatitis during the 
experiment showed a very slight and transient decrease and in liver 
cirrhosis, a little increase at the end of the experiment. No change was 
observed in blood cholesterol concentrations in the cases studied. These 
results clearly indicate a decrease of liver glycogen storage in liver 
disease and suggest that a glucagon tolerance test in liver disease might 
be a promising method for evaluating both glucose tolerance and liver 
function as 1 of the auxiliary tests. 
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75170427 Document Number: 75170427. Hormonal and metabolic changes induced 
by elevated plasma free fatty acids in term pregnancy. 
I. Effect on maternal blood glucose, insulin and human placental 
lactogen circulating levels. Gaspard U J; Sandront H M; Luyckx A S; 
Lefebvre P J. JOURNAL OF CLINICAL ENDOCRINOLOGY AND METABOLISM, (1975 

Jun) 

40 (6) 1066-72. Journal code: HRB. ISSN: 0021-972X. Pub. country: United 
States. Language: English. 
AB The influence of plasma free fatty acid (FFA) 

concentration on the secretion of human placental lactogen (hPL) was 
investigated in 16 normal young women during the last month of gestation, 
in order to determine whether hPL secretion is influenced in the same way 
as human growth hormone (hGH) during plasma FFA elevation. Maternal blood 
glucose (BG) , plasma triglycerides (TG) , FFA, immunoreactive 
insulin (IRI) and hPL levels were measured during and after a 
lipid emulsion infusion for 75 min (10 cases) . The intravenous 
injection of 5,000 U of heparin at the 15th min of the 
lipid infusion was followed by a decrease in plasma 

triglyceride levels and by an accompanying rise in plasma FFA (rom 
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468 plus or minus 52 to 2,478 plus or minus 310 mueq/liter) . In control 

experiments lipid infusion alone (3 cases) resulted in a 

moderate increase in FFA (718 plus or minus 157 to 1,046 plus or minus 

255 

mueq/liter), and separate iv heparin administration (3 cases) elevated 

the 

FFA levels from 728 plus or minus 50 to 1,649 plus or minus 153 
mueq/liter) . No significant change in either IRI or hPL levels was 
discernible in any of the tests performed. A tendency of blood glucose to 
increase was observed after heparin administration. It was concluded that 
a marked and sustained plasma FFA elevation, achieved through intravenous 
lipid and heparin infusion cannot alter hPL circulating levels in 
term human pregnancy. 
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72266533 Document Number: 72266533. Effect of long-chain 
triglyceride on human insulin secretion. Carroll K F; 

Nestel P J. DIABETES, (1972 Sep) 21 (9) 923-9. Journal code: E8X. ISSN: 
0012-1797. Pub. country: United States. Language: English. 
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1970:485525 Document No. 73:85525 Carbohydrate and lipid 

metabolism in viral hepatitis. Gioannini, Paolo; Gragnoli, 

Giorgio; Pupillo, Angelo; Scalise, Giorgio (1st. Clin. Med. Gen. Ter. 

Med., Univ. Siena, Siena, Italy). Fegato, 16(1), 315-31 (Italian) 1970. 

CODEN: FGTOAW. 

AB Clin, studies made on 21 patients with virus hepatitis were 

based on a comparative study of the glucemia, insulinemia, and plasma 
non-esterif ied fatty acids after an oral 

load of glucose. The glucemia was studied after an i.v. dose of glucose 
and after tolbutamide. The behavior of triglycerides and of 
cholesterol in the plasma was studied under basal conditions. These 
studies show the presence of alterations of the carbohydrate and 
lipid exchange, in the genesis of which factors antagonistic to 
insulin participate to an important extent . 
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1970:53489 Document No. 72:53489 Summit metabolism in young lambs. Effect 
of hormones and drugs that affect mobilization and utilization of 
substrate for cold-induced thermogenesis . Alexander, George (Div. Anim. 
Physiol., C.S.I.R.O., Prospect, Aust . ) . Biol. Neonatorum, 15(1), 37-48 
(English) 1970. CODEN: BINEAA. 

AB Various substances that affect mobilization and utilization of the major 
metabolic fuels, free fatty acids, and glucose, were 

given to lambs less than a week old and the effects on summit metabolism 
were examd. Short-term infusions of corticotropin, thyrotropin, 
glucagon, 

insulin, triiodothyronine, and hydrocortisone succinate failed to 
increase summit metabolism. Likewise glucagon and corticotropin failed 

to 

increase basal metabolism, though a thermogenic effect has been reported 
to occur in newborn rabbits. When triiodothyronine, cortisone acetate, 

or 

carnitine were given by i.m . injection over 2-4 days, only 
triiodothyronine produced a small increase in summit metabolism. 
Infusion 
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of an emulsion of soybean oil resulted in a small 

increase in summit metabolism, but caffeine was without effect. Summit 
metabolism was significantly reduced by bacterial endotoxin, but was not 
affected by dinitrophenol although this abolished shivering. The lack of 
response to infusion of the various hormones indicates that th eir 
natural 

secretion rate at the time of cold exposure does not limit the summit 
metabolic response of young lambs. However, the results suggest that 
summit metabolism could be influenced by the secretion rate of thyroid 
hormone during the few days preceding exposure to cold. 



' IN ' 


IS 


NOT A VALID 


FIELD CODE 


L86 




1560 FILE 


MEDLINE 


L87 




4987 FILE 


CAPLUS 


L88 




3249 FILE 


BIOSIS 


■IN' 


IS 


NOT A VALID 


FIELD CODE 


L89 




1450 FILE 


EMBASE 


L90 




3688 FILE 


WPIDS 


L91 




560 FILE 


JICST-EPLUS 



TOTAL FOR ALL FILES 

L92 15494 KIM M?/AU,IN 



'IN' IS NOT A VALID FIELD CODE 
L93 5603 FILE MEDLINE 

L94 16786 FILE CAPLUS 

L95 11233 FILE BIOSIS 

'IN' IS NOT A VALID FIELD CODE 
L96 534 0 FILE EMBASE 

L97 13000 FILE WPIDS 

L98 1827 FILE JICST-EPLUS 

TOTAL FOR ALL FILES 

L99 53789 KIM S?/AU, IN 



'IN' 


IS 


NOT A VALID 


FIELD CODE 


L100 




107 FILE 


MEDLINE 


L101 




364 FILE 


CAPLUS 


L102 




324 FILE 


BIOSIS 


■IN' 


IS 


NOT A VALID 


FIELD CODE 


L103 




144 FILE 


EMBASE 


L104 




219 FILE 


WPIDS 


L105 




62 FILE 


JICST-EPLUS 


TOTAL 


FOR ALL FILES 




L106 




1220 KWON 


K?/AU, IN 



'IN' IS NOT A VALID FIELD CODE 

L107 4265 FILE MEDLINE 

L108 16793 FILE CAPLUS 

L109 9922 FILE BIOSIS 

Prepared by M. Hale 308-4258 Page 39 



' IN ' IS NOT A VALID FIELD CODE 
L110 4313 FILE EMBASE 

Llll 17216 FILE WPIDS 

L112 1872 FILE JICST-EPLUS 

TOTAL FOR ALL FILES 

L113 54381 KIM J?/AU, IN 

=> s 1113 and 1106 and 199 and 192 

L114 0 FILE MEDLINE 

L115 1 FILE CAPLUS 

L116 0 FILE BIOSIS 

LI 17 0 FILE EMBASE 

L118 1 FILE WPIDS 

L119 0 FILE JICST-EPLUS 

TOTAL FOR ALL FILES 

L120 2 L113 AND L106 AND L99 AND L92 

=> dup rem 1120 

PROCESSING COMPLETED FOR L120 

L121 1 DUP REM L120 (1 DUPLICATE REMOVED) 

=> d cbib abs 1 



L121 ANSWER 1 OF 1 CAPLUS COPYRIGHT 2001 ACS DUPLICATE 1 

2000:493356 Document No. 133:125288 Lipophilic microparticles containing a 
protein drug or antigen and formulation comprising same for controlled 
release. Kim, Myung Jin; Kim, Sun Jin; Kwon, Kyu Chan; Kim, 
Joon (LG Chemical Limited, S. Korea). PCT Int. Appl. WO 2000041682 Al 
20000720, 49 pp. DESIGNATED STATES: W: AU, BG, BR, CA, CN, HU, ID, IL, 
IN, JP, MX, NZ, PL, SG, TR, US, ZA; RW: AT, BE, CH, CY, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE. (English). CODEN: PIXXD2 . 
APPLICATION: WO 2000-KR25 20000114. PRIORITY: KR 1999-1232 19990118; KR 
1999-59776 19991221. 

AB A lipophilic microparticle having an av. particle size ranging from 0.1 

to 

200 .mu.m, comprising a lipophilic substance and an active ingredient 
selected from the group consisting of a protein or peptide drug and an 
antigen, retains the full activity of the active ingredient, and when 
formulated in the form of an oil dispersion or oil-in-water emulsion, it 
releases in an in vivo environment the active ingredient in a controlled 
manner over a long period. 
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Microencapsulation of antigens using 
biodegradable polyesters: facts and phantasies. 
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AB New vaccination approaches and new delivery systems have been 

subject of intensive research activities recently. Controlled release 
vaccine delivery systems depend on the microencapsulation of 
antigens into biodegradable polymers, yielding small spherical 
polymeric particles, in the size range of 1-100 microns. By manipulating 
the micromorphology of the microparticles and degradation 

properties of the polymer either continuous or pulsatile release patterns 
can be adjusted. As biodegradable polymers mainly copolymers of lactic- 
and glycolic acid have been utilized, since these materials are known to 
be biocompatible and non-toxic. Apart from modulation of antigen 
release, an improvement of the adjuvant effect and an increase of in 

vitro 

(shelf-life) and in vivo stability of the antigen are issues of 
general interest with respect to parenteral vaccine delivery 
systems. Using different microparticles that release 
antigens in a pulsatile pattern at predetermined timepoints one 
hopes to induce protective immunity by a single administration of the 
vaccine delivery system. Using tetanus toxoid (TT) as a model 
antigen we have examined the stability during preparation, in 
vitro release and storage of TT microparticles. TT is a complex 
protein mixture sensitive to changes in pH conditions (pH < 5) and to 
thermal stress. TT microparticles can be prepared by a W/O/W 
double emulsion technique with satisfactory encapsulation efficiencies in 
good yields. In accordance with other investigators we observe an 
adjuvant 

effect of TT microspheres in mice upon sc administration leading to a 
long-lasting antibody response. In challenge experiments 
we could demonstrate a protective effect. The issue of an ideal release 
pattern remains open, since a boosting of the antibody titers during the 
bioerosion of the TT microspheres was not observed, possibly due to 
desactivation of TT in the degrading microspheres. 
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DOCUMENT NUMBER: PREV200100025097 

TITLE: Biodegradable microparticles with different 

release profiles: Effect on the immune response after a 
single administration via intranasal and intramuscular 
routes . 

Spiers, Ian D.; Eyles, Jim E . ; Baillie, Les W. J.; 
Williamson, E. Diane; Alpar, H. 0. (1) 

(1) Pharmaceutical Sciences Institute, Aston University, 
Birmingham, B4 7ET: H.0.Alpar@Aston.ac.uk UK 
Journal of Pharmacy and Pharmacology, (October, 2000) Vol. 
52, No. 10, pp. 1195-1201. print. 
ISSN: 0022-3573. 
Article 
English 
English 

In the development of single-dose microparticulate vaccines, 
identification of the type of protein release profile required to elicit 
high and sustainable immune responses is important. Microparticles 
exhibiting different protein release profiles (continuous, pulsatile and 
plateau) were made by solvent evaporation or solvent extraction methods 
from biodegradable polymers encapsulating the model antigen, 
bovine serum albumin (BSA) . The immune responses obtained after a single 
intranasal or intramuscular administration of microparticles 
were determined, and also after a subcutaneous boost after 11 months. 
Microparticles were manufactured with acceptable protein loading 
and average volume size ranging from 1 to 10 mum. The integrity of BSA 
extracted and released from microparticles after 2 months 
incubation was retained. Microparticulate preparations administered by 
either intranasal or intramuscular routes, evoked rapid, high titre and 
long-lived (up to 11 months after priming) specific serum IgG responses 
which were significantly greater than for free BSA. The type of protein 
release from microparticles had no significant effect on the 
systemic immune responses. Interestingly, a formulation exhibiting a 
plateau-release profile was the only microparticulate system capable of 
inducing significantly greater IgA responses than free BSA after 
intranasal immunization. This study shows the benefit of 
microencapsulation in inducing high and long- lasting 
systemic immune responses after a single dose by both parenteral and 
mucosal delivery. We conclude that of the microparticles 

tested, the longevity and magnitude of humoral responses was not effected 
by the type of in-vitro protein release profile. 
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91266027 EMBASE Document No .: 1991266027 . Gastrointestinal lymphatic 
absorption of peptides and proteins. Rubas W. ; Grass G.M. . 

Seventeen? inc , Pharmaceut Res . /Development, 460 Point San Bruno 

Boulevard, South SanE^anc^co^A_94080, United States .C &vancedDrug 
d elivery Reviews ; 7TTl5 -69) 199J ^> , ^ 

"ISSN: 0169-409X. CODEN: AUDREP. PubT Country: Netherlands. Language. 
Enqlish. Summary Language: English. 

AB There is no doubt that intact peptides and proteins do cross the 

gastrointestinal wall into the lymphatics. Transfer from the lumen into 
?he lymph system occurs in both lymphoid (PP) and non-lymphoid tissue 
(villouS). Contribution by the paracellular pathway may be low. Transfer 
into lymph vessels via non-lymphoid tissue depends upon the lipid 
pathway, vehicle effects, sieving mechanisms of the blood vessels, and 

thS application site. The best lymphatic access has been achieved from the 
proximal small intestine, while rectal application has also been proven 

t0 be suitable. Utilizing formulations composed of a long chain and 
unsaturated fatty acid in combination with a 

surfactant favors transfer into lymph. The most promising results 

were achieved with combinations resembling chylomicrons, attempting to 

direct the compound into chylomicrons. For smaller substances such as 

peptides, the physicochemical characteristics are one of the key factors 

for lymphatic uptake. Substances which are highly lipophilic favor 

lymphatic passage. Assessment of solubility in peanut 

oil and/or in the viscous isotropic phase of the digested 

lipids is a useful tool to predict the lymph absorption potential. 

In order to utilize the sieving mechanism, conversion of a substance into 

a drug-polymer complex such as dextran or cyclodextran together with 

co-application of an absorption promoter (bifunctional system) has been 

shown to be feasible and suitable for lymphatic delivery. Endocytotic 

processes if present at all play a minor role in non-lymphoid tissue 

uptake. The most prominent uptake mechanism for particles and 

microspheres^ ^ phagocytosis. The extent depends on surface 

property, the amount administered, and the suspension vehicle. 
Hydrophobic^ ^ aqueous susp ending vehicles appear best. Transcytosis 

thr ° U pp also called the M-cell route, seems to be most suited for highly 
potent compounds such as lymphokines and antigens (vaccines . 
The reasons are: (a) limited number of PP, thus, the overall surface area 
is relatively small, and therefore the total absorption potential is 
limited, and (b) PP tissue is rich in lymphocytes, thus, substances which 
interact with lymphocytes are best targeted to PP when using the 
oral route. Oral delivery to local lymph nodes by means 

of carrier systems (i.e. poly (lactide-co-glycolide) microspheres) via the 
M-cell route appears very promising. Migration, however, into and through 
the mesenteric lymph appears limited to microspheres less than 5 .mu.m in 
diameter. Though both cell types, M cells and enterocytes, share the same 
common glycoproteins and ? lvcoligids a nu^er ^ microorganisms arg able^ 
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Summary 

There is no doubt that intact peptides and proteins do cross the gastrointestinal 
wall into the lymphatics. Transfer from the lumen into the lymph system occurs in 
both lymphoid (PP) and non-lymphoid tissue (villous). Contribution by the para- 
cellular pathway may be low. Transfer into lymph vessels via non-lymphoid tissue 
depends upon the lipid pathway, vehicle effects, sieving mechanisms of the blood 
vessels, and the application site. The best lymphatic access has been achieved from 
the proximal small intestine, while rectal application has also been proven to be sui- 
table. Utilizing formulations composed of a long chain and unsaturated fatty acid 
in combination with a surfactant favors transfer into lymph. The most promising 
results were achieved with combinations resembling chylomicrons, attempting to 
direct the compound into chylomicrons. For smaller substances such as peptides, 
the physicochemical characteristics are one of the key factors for lymphatic uptake. 
Substances which are highly lipophilic favor lymphatic passage. Assessment of 
solubility in peanut oil and/or in the viscous isotropic phase of the digested lipids is 
a useful tool to predict the lymph absorption potential. In order to utilize the siev- 
ing mechanism, conversion of a substance into a drug-polymer complex such as 
dextran or cyclodextran together with co-application of an absorption promoter 
(bifunctional system) has been shown to be feasible and suitable for lymphatic 
delivery. Endocytotic processes if present at all play a minor role in non-lymphoid 
tissue uptake. The most prominent uptake mechanism for particles and microsph- 
eres in lymphoid tissue is phagocytosis. The extent depends on surface property, 
the amount administered, and the suspension vehicle. Hydrophobic surfaces and 
aqueous suspending vehicles appear best. Transcytosis through PP, also called the 
M-cell route, seems to be most suited for highly potent compounds such as lympho- 
kines and antigens (vaccines). The reasons are: (a) limited number of PP, thus, the 
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overall surface area is relatively small, and therefore the total absorption potential 
is limited, and (b) PP tissue is rich in lymphocytes, thus, substances which interact 
with lymphocytes are best targeted to PP when using the oral route. Oral delivery 
to local lymph nodes by means of carrier systems (i.e. poly(lactide-co-glycolide) 
microspheres) via the M-cell route appears very promising. Migration, however, 
into and through the mesenteric lymph appears limited to microspheres less than 5 
fim in diameter. Though both cell types, M cells and enterocytes, share the same 
common glycoproteins and glycolipids a number of microorganisms are able to 
bind selectively to a receptor on the M-cell surface and thereby enter the host. Util- 
izing the microorganism's ligand could be beneficial for specific targeting to PP, by- 
passing lysosomal degradation in absorptive cells. Moreover, transport of a mem- 
brane-bound macromolecule by M cells is about 50 times more efficient than a sol- 
uble, non-adherent macromolecule. 

I. Introduction 

The gastrointestinal (GI) tract is certainly the route of choice for drug delivery. 
Many newly emerging drugs are peptides or proteins ranging in size from two up to 
several hundred amino acids [1]. Oral administration, however, is challenging 
because peptides/proteins are poorly absorbed, and are often unstable under the 
harsh gastrointestinal conditions. Furthermore, some are highly potent, and 
specifically active in a defined environment. For example, targeting cells of the 
immune system, i.e., lymph targeting, has the potential for stimulation, inhibition 
or modulation of virtually any part of the immune response for which distinct cell 
populations may be demonstrated to play a role. Delivery from the intestinal tract 
to the lymphatic system instead of the portal venous system may avoid extensive 
first-pass liver metabolism. Thus, a deeper understanding of the target site as well 
as physiologic events along the GI tract is necessary to develop optimally per- 
forming oral formulations successfully. 

This review has as its primary goal a description of the gastrointestinal physio- 
logy relating to lymphoid and corresponding non-lymphoid tissues and identifi- 
cation of the requirements for improving strategies in GI lymph targeting. The 
extent of lymphatic transport depends on: (a) the physicochemical properties of the 
compound; (b) the permeability of the barriers over the lymphatic vessels; and (c) 
the composition of the formulation. 

The lymph system includes the lymphatic vessels and the solitary, and aggregated 
lymphoid tissues such as tonsils, PP, appendix, diffuse collections of plasma cells 
and lymphocytes between epithelial cells covering the villi. It is now the general 
consensus that the aggregated lymphoid tissues are specialized but nonetheless per- 
ipheral tissues, wherein immune responses are initiated [2]. 

II. Absorption into lymphatic vessels via non-lymphoid tissue 

11.1. Physiology of the lymphatic vessels 
Lymphatic vessels of the small intestine originate as elongated, blind-ended ves- 
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sels (lacteals) in the center of each villus (Fig. 1). Finger-like villi such as those of 
man, dog, and cat host one central lacteal. However, in flattened villi, such as 
those found in rats, mice, and rabbits there are several vessels. The lacteals lie 
approximately 50 ixm beneath the epithelium in a gel-like structure (interstitium) 
through which water and solutes slowly percolate, and their radius is about 10 /urn 
(Fig. 2). These vessels join a network of lymphatic capillaries in the glandular layer 
of the mucosa and are linked to collecting lymphatics. At the mesenteric border the 
lymphatics leave the intestine in association with blood vessels [3-6]. In contrast to 
the small intestine, large intestinal lymphatic vessels are fewer in numbers, smaller 
in diameter, and lie deep in the mucosa 300-400 jum beneath the mucosal epi- 
thelium (Fig. 3) [7], 

Blood vessels have open fenestrae with diameters ranging from 40 to 60 nm; 
however, they have properties similar to the continuous capillaries [8]. In contrast 
the lacteals are composed of endothelial cells that have no fenestrations. However, 
the junctions of these endothelial cells are widely separated and allow the passage 
of macromolecules such as chylomicra (75-600 nm diameter) into the lymphatic 
lumen. The lymphatic capillaries also have a fragmented basement membrane 
offering little barrier to the passage of solutes, fluids and large particles into lym- 
phatic vessels [9]. The major pathway for the transport of fluids and particulate 
components from the interstitium into the lymphatic lumen is the intercellular 
route. Smaller particles ranging in diameter from 3 to 50 nm have been shown to 
pass through intermediate junctions (zonulae adhaerentes) of the endothelial cells 



Fig. 1. Lymphatic network in small intestine. Mucosal, submucosal and muscle layer lymphatics are 
presented. As shown, lymphatics of the muscle layer are not directly connected with submucosal lym- 
phatics, but both lymphatics merge into larger lymphatics near the mesenteric border (from Ref. 305). 
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Fig. 2, Cross-section of an intestinal villus with blood and lymph microcirculation (from Ref. 4). . 

but not tight junctions (zonulae occludentes) [10]. Substances in this group can also 
be taken up by vesicles of approximately 50 nm diameter and transported across 
the cell by this route (Fig. 4). 

Fluid from the lumen moves to the interstitium, which is composed mainly of col- 
lagen fibers and hyaluronic acid, a polymer of /V-acetylglucosamine and glucuronic 
acid with a molecular mass ranging from a few thousand to several million daltons. 
Cross-linking between hyaluronic acid and collagen and other proteins creates a 
fine interstitial mesh, with a pore size of about 25 nm [11]. Since hyaluronic acid is 
anionic, the gel area has a net negative charge at physiologic pH and ionic strength 
[12]. When interstitial fluid volume rises during a meal from its normal 25 ml/100 g 
the porosity increases from 25 nm to approximately 100 nm, resulting in reduced 
frictional resistance to diffusion of macromolecules and an increased hydraulic con- 
ductivity [13]. This was demonstrated in a perfused cat ileum preparation where the 
authors studied the effects of net volume absorption rate on interstitial fluid vol- 
ume, lymph flow and the excluded volume fraction for interstitial albumin. Their. 
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Fig. 3. Schematic representation of the mucosal-submucosal lymphatic microcirculation of the canine 

ileum and colon (from Ref. 7). 

results indicate that fluid absorption increases the interstitial volume and lymph 
flow. Increased interstitial volume decreased the excluded volume fraction for 
albumin, suggesting that the degree of exclusion of a given molecule is inversely 
proportional to matrix hydration (Fig. 5). 

The interstitial-to-lacteal hydrostatic pressure gradient is the major driving force 
for lymphatic filling and therefore determines lymph flow. Typically lymph flow is 
about 500-700 times less than blood flow [14]. When venous outflow pressures (P v ) 
were increased from 0 to 30 mmHg in an in situ cat intestinal loop, the interstitial 
fluid pressure increased from -1.8 to 5.3 mmHg. Lymph flow increased minimally 
over the lower venous outflow pressures (up to 10 mm), and there appeared to be 
a plateau at the higher venous outflow pressures (25 and 30 mmHg). However, a 
rapid change in lymph flow occurred in the range between 10 and 20 mmHg. The 
largest lymph flow observed was at P v = 30 mmHg, creating approximately 7 times 
the lymph flow of 0 mmHg venous outflow pressure [15]. 

Several authors have reported an increased intestinal or thoracic duct lymph flow 
following a meal or fluid ingestion [3,16]. During net fluid absorption, the increase 
can be as high as 5^20 times the normal lymph flow when compared to the non- 
absorptive state [13]. However, the magnitude of increase appears to be quite vari- 
able and has been attributed to factors such as tonicity of the fluid ingested, portal 
vein pressure, intraenteric pressure, and GI motility. If these factors are held con- 
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Fig. 4, Three-dimensional representation of a lacteal. The major passage way for the transport of fluids 
and particulate substrates from the interstitium into the lymph lumen is the intercellular cleft (long open 
arrows). The uptake of particulate components from the connective tissue front is also carried out by 
vesicles containing the particles. It is suggested that the movement of particles proceeds from the con- 
nective tissue front of the endothelium via vesicles (short filled arrows). The vesicles seem to merge or 
fuse with autophagic vacuoles (from Ref. 10). 

stant or eliminated, the rate of fluid absorption becomes a major determinant of 
intestinal lymph flow. However, the overall lymphatic absorption rate in the 
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Fig. 5. Diagrammatic representation of intestinal interstitium in non-absorptive and absorptive states. 
In the nonabsorptive state albumin is distributed in only one fraction of the total matrix water and the 
lymph flow is low. During absorption, interstitial fluid volume and lymph flow increase and a greater 
portion of interstitial water becomes available for albumin to distribute in (from Ref. 13). 



absorptive state does not exceed 15-20% of the total volume removed from the 
interstitium [17]. Glucose and electrolytes do not affect intestinal vascular permea- 
bility. However, there is a six- to sevenfold increase in intestinal lymph protein flux 
during glucose absorption [7,18]. 

Fat absorption produces an increase in lymphatic protein flux [3,19]. The reflec- 
tion coefficient (erd) describes the fraction of the total osmotic pressure generated 
across a capillary membrane. Impermeable molecules yield 100% of their maxi- 
mum osmotic pressure and crd =1, whereas freely permeable molecules do not 
generate an effective osmotic pressure and o-d = 0. Granger and coworkers [20] 
demonstrated that either cream or a mixture of bile and oleic acid produced a four- 
to sevenfold increase in lymphatic protein flux, and an increase in vascular permea- 
bility, crd decreased from a normal value of 0.92 to 0.68 with bile and oleic acid 
and to 0.71 with cream feeding [20]. Using the osmotic reflection coefficient values 
obtained for several endogenous proteins of varying molecular size (3.7-12 nm) the 
authors were able to calculate the pore size in the intestinal capillary wall. Minimal 
change was found for small pores during fat absorption (5.1 nm) compared to con- 
trol (4.6 nm), however, large pores gained in size from 20 to 30 nm. Because the 
morphologic equivalent of the large pores in intestinal capillaries is considered to 
reside at the open fenestrae (approximately 20 nm radius), fat absorption must 
preferentially affect these structures [21]. Increased vascular permeability during 
fat absorption is due to the dramatic increase in plasma protein flux across the cap- 
illary wall. The equation, which relates convective and diffusive fluxes to the net 
flux of protein is: 
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/ P .n = /v,c(l - ad) C p + PShC (1) 

where / p ,„ is the net transcapillary protein flux, /v,c is the steady-state transcapil- 
lary volume flow, o-d is the reflection coefficient, C p is the average protein concen- 
tration across the capillary wall, i.e. (Cr_ + C p )/2, PS is the permeability surface 
area product and AC is the transcapillary protein concentration gradient (C L - C p ) 
[22]. This increased flux may be the result of an increase in perfused capillary sur- 
face or it may be due to an increase in capillary permeability [20]. Granger and 
coworkers [23] have demonstrated that plasma proteins move from blood to inter- 
stitium across filtering capillaries in the non-absorptive state (at normal portal 
pressure) by both convection (accounting for 90% of the total capillary flux) and 
diffusion. Under these conditions, the convective and diffusive processes are direc- 
tionally coupled, in as much as both the flow of solvent and the concentration 
gradient are directed toward the interstitium. Convection is the major process and 
moves plasma proteins from blood to interstitium across filtering capillaries at a 
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Fig. 6. Schematic representation of solvent and solute fluxes across capillary, lymphatic, and mucosal 
barriers in non-absorbing and absorbing small bowel (from .Ref. 23). 
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normal portal pressure (non-absorbing intestine). In the absorptive state, mucosal 
interstitial fluid volume increases, which, in turn, causes mucosal interstitial fluid 
pressure to increase and tissue oncotic pressure to decrease. This opposes further 
capillary filtration and converts filtering to absorbing capillaries, and provides an 
increased driving force for lymphatic filling. Under these conditions, the flow of 
solvent across intestinal capillaries is directionally opposing the protein concentra- 
tion gradient; therefore, the transcapillary convective flux of plasma protein is 
directionally opposite to the diffusive flux (Fig. 6). The result is a blood-tissue cir- 
culation of plasma proteins during absorption, where most of the proteins return to 
the circulation by convection across the walls of absorbing capillaries. The remain- 
der return to lymph. The existence of a blood-tissue circulation of plasma proteins 
during absorption might be an important mechanism for the absorption of medium- 
and long-chain free fatty acids as well as drugs with a high protein binding capacity 
that are not incorporated into chylomicrons but enter the circulation in significant 
amounts bound to albumin [23]. 

Although most of the protein in the lymph is derived from the plasma by filtra- 
tion, there are other sources. One source is the large number of plasma cells in the 
lamina propria of the intestinal mucosa. In dogs, mesenteric lymph contains con- 
siderable amounts of IgA arising from these cells [24]. The IgA concentration of 
the mesenteric lymph has been examined in a variety of animals [25], For dogs, the 
ratio lymph/serum was 2.4, while the ratios in guinea pigs and rats were 4.5 and 13, 
respectively. It appears that the mesenteric lymphatics are the main route of newly 
synthesized IgA to the blood and it has been calculated that 90-97% of IgA in mes- 
enteric lymph is synthesized in intestinal immunocytes. 

Chylomicrons are formed in the enterocyte and leave the cell by exocytosis, pass- 
ing through pores in the basement membrane of the epithelial cell. Chylomicrons 
traverse approximately 50 nm of interstitium to the lacteal, where they are taken 
up by a mechanism not yet fully understood [26-28]. In rats, Tso and coworkers 
[29] demonstrated that expansion of interstitial matrix resulting from water absorp- 
tion as well as increased lymph flow after receiving an intravenous infusion of 
saline, enhanced the transport of chylomicrons from the enterocyte to the lacteal. 

II. 2. Absorption into lymph 

There are two distinct tissues in the gut that allow access to the lymph vessels. 
The most wide-spread is absorptive tissue followed by lymphoid tissue composed 
of solitary and aggregated lymphoid follicles. This section discusses uptake mech- 
anisms by absorptive tissue. 

In rats, no preferential uptake into lymph was found for amino acids upon infu- 
sion of glycine and glycine oligopeptides into the duodenum [30,31]. Investigation 
of radioactive lymph protein after feeding [ 14 C]leucine indicated that amino acids 
absorbed in a mixture with cream enter the pool of amino acids in the mucosal cells 
and are incorporated into proteins and transported by the lymph. Support for this 
theory came from Jacobs and Largis [30]. These authors investigated the effect of 
protein synthesis inhibitors, such as puromycin and acetoxycycloheximide, on the 
content of labeled amino acids in newly synthesized proteins in the mesenteric 
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lymph of rats. Both compounds reduced the appearance of new proteins in the 
lymph, while the concentration of free amino acids rose. 

Several studies also suggest that minute amounts of ingested proteins eventually 
reach the general circulation via lymph. Most of these studies use proteins which 
either provoke an immune response or confer passive immunization in the host 
after absorption. Alexander et al. [32] demonstrated lymphatic transport of egg 
white protein after gavage feeding to dogs. 

Toxins of Clostridium botulinum are transported in the lymph [33]. The toxin 
exists in several types and molecular masses ranging from 9 to 900 kDa. Examin- 
ation of the absorption behavior of type A (900 kDa) toxin in rats, rabbits and mice 
suggested that the upper small intestine was the major site of absorption. In rabbits 
more than half of the fraction absorbed was recovered in thoracic duct lymph. 

Absorption studies with 3 H-labeled albumin have clearly indicated the existence 
of two independent routes of transport for absorbed proteins [34]. Approximately 
2% of the administered amount of 3 H-labeled albumin was recovered intact over a 
period of 3 h. In mesenteric lymph and portal venous blood 0.76% and 1.11% were 
found, respectively. The integrity of the protein was verified by gel filtration and 
radioimmunoassay against monospecific rabbit anti-bovine serum albumin. 

Among the intestinal proteolytic enzymes, elastase (24 kDa) appears to be 
absorbed in limited quantities. Studies with 131 I-labeled elastase in rats suggest that 
the lymphatic route may be important for transport [35]. The lymph concentration 
of immunoprecipitable radioactivity 7 h after delivery of 1 or 5 mg labeled elastase 
into the upper jejunum was 10-11 and 7-26 times greater than serum concentra- 
tion. The total amount absorbed, however, was very small, 0.149% and 0.053% of 
the 1 mg and 5 mg dose, respectively. The authors calculated the dose absorbed via 
the lymphatics as 36% of the total absorbed elastase. Related studies in a rat 
everted sac experiment demonstrated that intact elastase is able to cross the intesti- 
nal wall to a limited degree [36]. The amount was between 0.46 to 0.63% for a 
0.01% elastase solution, when determined by dialysis, electrophoresis, gel filtra- 
tion, and immunoprecipitation. In vitro, the transport rate was higher (but not sig- 
nificantly) for a 0.1% elastase solution. 

Pharmacokinetic studies of a glycoprotein complex (RU 41740) composed of two 
molecular weight fractions, 350 and 95 kDa, respectively, in different species (rats 
and monkeys) demonstrated a greater uptake in rats (7%) compared with monkeys 
(2%) [37], Because of the size it can be assumed that the fraction absorbed enters 
the circulation via the lymphatics. 

Yamashita and coworkers [38] have described a peptidomannan fraction desig- 
nated as KS-2, a hot water extraction of mycelia of Basodiomycetes, with a molecu- 
lar mass range from 6-10 4 to 9.540 4 Da which was absorbed partially via the portal 
vein (1.4% of the dose) and intestinal lymphatics (1.25% of the dose). The intesti- 
nal absorption of two enzymes, l,2-[ 3 H]co-enzyme Q-10 [ 3 H]Q-10), and [ 131 I]lyso- 
zyme was investigated by Yuzuriha et al. [39]. 80% of the absorbed [ 3 H]Q-10 was 
recovered from the lymph; however, the portal vein was the main absorption path- 
way for [ 131 I]lysozyme. It was concluded that absorption into lymphatics was also 
dependent on the physicochemical properties of the macromolecules. 
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11.2(a). Persorption. Small amounts of particulate material may enter the host 
through the epithelium of the intestinal mucosa via the paracellular pathway by a 
phenomenon called persorption [40-45]. In several studies it was demonstrated 
that particulate matter such as diatoms, pollens, spores, cellulose particles, plant 
cells, starch granules, and others can cross the intestinal mucosa. The best results 
were obtained with hard particles in the range of 5-70 /im, although persorption 
will also occur for particles (poly(vinylchloride)) up to 150 pm. Whether or not per- 
sorbed particles are transported by the lymphatic system depends on their size [45]. 
Small particles were predominantly transported by the portal circulation and larger 
ones by lymph; however, these size ranges have not been clearly defined. 

The persorption rate in humans was estimated at 1:50000 (±50%). This means 1 
out of every 50000 particles will be absorbed, or, for example, approximately 2.5 
mg out of 100 g cornstarch. Volkenheimer [44] also found that the persorption rate 
was dependent on the amount ingested and was age related, with younger subjects 
demonstrating a higher persorption rate; however, this difference was not quantit- 
ated. Drugs increasing GI motility, such as neostigmine or caffeine, were found to 
increase persorption, whereas the reverse is true for drugs, such as atropine and 
barbituric acid, that reduce motility [46]. Thus, mechanical factors were thought to 
be responsible. However, recently several authors found that cholinergic stimu- 
lation altered the macromolecular permeability of tight or occluding junctions of 
crypt epithelium [47,48]. From their studies it appears that reduced restriction in 
tight junctions due to the co-application of neostigmine or caffeine yielded higher 
persorption. 

Persorption has also been described for Candida albicans in human volunteers 
and confirmed for C. albicans in dogs and primates [49,50]. 10 12 C. albicans cells 
were delivered as a suspension to a volunteer. Blood and urine were collected for 
culture. The blood samples taken at 3 and 6 h each grew two Candida colonies. 31 
colonies grew from the sediment of the urine taken after 2 h 45 min, and 8 from the 
one taken after 3 h 15 min. The rest of the blood and urine cultures remained nega- 
tive up to 14 days. The authors assume that C. albicans causes systemic infection in 
two ways, the first by persorption and the second by penetrative growth. 

Assuming that persorption is a particulate transport mechanism via the paracel- 
lular shunt, then one should also consider the underlying absorption phenomenon 
for nanospheres as persorption unless such nanospheres are taken up by phago- 
cytosis in mucosal lymphoid tissue [50-51]. It has been shown that nanocapsules 
containing insulin are able to reduce plasma glucose levels over a prolonged period 
of time in diabetic rats when administered orally. 

11.2(b) Targeting to the lipid pathway. Many of the recombinant substances that 
are orally administered are given in lipid vehicles and it seems reasonable to 
assume that they undergo co-absorption with lipids [56,57]. Alternatively, lipids 
may influence drug absorption indirectly, via physiologic mechanisms stimulated 
during lipid digestion [57-60]. Co-administration may be a tool to modulate lymph. 
For example, the relative order of the total lymph volume collected over a 24 h per- 
iod following intragastric administration of several vehicles was: olive oil > ethanol 
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Fig. 7. Cubic monoglyceride structure based upon hexagon-shaped bilayer discs. The figure shows two 
polyhedra along one water channel (from Ref. 71). 

10% and a commercial 10% safflower microemulsion (Liposyn 10%) > 2.5% 
sodium oleate > 1% sodium oleate > water [61]. These results, however, are not 
due to an increased number of chylomicrons or VLDL particles. Instead, during 
lipid absorption the enterocytes increase the size of the chylomicrons [62]. Egg PC 
increased lymphflow 5-fold and was absorbed almost evenly throughout the proxi- 
mal and distal jejunum; furthermore, the main class of lipoproteins formed was 
VLDL with a particle diameter of 52 nm [63,64]. Thus the interaction of digestive 
enzymes with lipids, the formed lipidic phases, their absorption, and their modula- 
tion of physiology needs to be understood. ; 

Orally ingested triglycerides undergo extensive hydrolysis in the lumen to yield 
the corresponding 2-monoglyceride and fatty acids, which are then solubilized in 
mixed micelles. However, the implication that there are only oil and micellar 
phases during fat digestion might be an oversimplification [65]. Fat digestion 
results in the formation of at least four co-existing phases: namely, the oil phase, 
the micellar phase, the calcium soap phase (lamellar liquid crystalline phase) and 
the viscous isotropic phase (cubic liquid crystalline phase) [66,67]. Under physiolo- 
gic conditions, however, extensive calcium soap formation would not be expected 
because monoglycerides inhibit the soap formation by acting as molecular spacers 
preventing calcium from binding to the fatty acids [66]. The viscous isotropic phase 
forms subsequently to the cessation of calcium soap formation [65]. Bile salts are 
apparently not a required part of this phase because it can form in their absence 
[66,68]. The surface tension of the isotropic phase is low enough so that it can take 
any shape in water. The structure may be similar to the structure of the cubic 
phases of lipid-water systems and is unique regarding their media, one lipid and 
one water, both continuous throughout [69,70] (Fig. 7). Although the necessity of 
the cubic phase in the mucosal fat absorption has not yet been proven definitively, 
there is evidence that it may be so. 

There is vast literature regarding the formation of a cubic liquid crystalline phase 
upon interaction of lipids with water [70-79]. For example, the fusogenic glycerol- 
monooleate, alone or as mixtures with phospholipids, forms a bicontinuous phase 
over a wide lipid/water ratio [72,76]. The dimension of the water channels is 5 nm 
in diameter [68]. It is conceivable that such a structure is able to incorporate large 
hydrophilic compounds. Moreover, it has been demonstrated that proteins with a 
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wide variation in size (14-150 kDa) are able to induce a cubic protein-monoolein- 
water phase [56,80]. Formulation of a peptide/protein in such a cubic liquid crystal- 
line phase could target the compound to the lymphatics. 

Utilization of the triglyceride pathway for targeting macromolecules to the lym- 
phatic vessels is well documented [81-88]. In order to transfer CsA selectively into 
the thoracic lymphatic system, Yanagawa et al. [85] administered CsA to rats at a 
dose of 10 mg/kg orally in lipid microspheres composed of olive and soybean oil, 
egg PC, and glycerol, with an average particle size of 191 nm. Intestinal digestion 
of the lipids yields products capable of undergoing a phase transition into a cubic 
liquid crystalline phase and thereby delivering the drug to the lymphatic vessels. 
After two hours, CsA thoracic lymph concentration, when administered as lipid 
microspheres, was approximately 46 times greater than after dosing with a conven- 
tional preparation (Fig. 8). For the lipid microspheres preparation, maximal lymph 
levels were achieved within 2 h (3608.6 ng/ml), while the conventional formulation 
levels were still increasing, but quantitatively much lower. 

Cho and Flynn [86] have introduced a water-in-oil microemulsion containing 
bovine insulin. The lipid components roughly equaled their proportion within chyl- 
omicrons. The proportions of cholesterol, PC, and an esterified fatty acid were 
selected as, respectively, 1:2:14. In order to protect insulin from degradation by 
proteolytic enzymes, an undisclosed amount of the protease inhibitor aprotinin was 
added. The formulation was designed so that a significant fraction of the admin- 
istered drug was targeted to the liver by co-transport with chylomicrons and chylo- 
micron remnants. Three patients, all with a long history of diabetes, received a 
dose of 1 IU/kg as a liquid. All three patients demonstrated a significant reduction 
in blood glucose (Fig. 9). However, the data presented are very limited and 
bioavailability or total duration of blood glucose reduction are not reported. Ac- 
cording to their patent [87], a similar formulation composed of an oil phase (oleic 
acid, egg PC, and cholesterol) and a mixture of surfactants (glycerol monooleate 
and polysorbate 80) coated onto a solid core carrier significantly lowered the clini- 
cal blood sugar level. The formulation was administered together with 250 ml of 
water. Upon dilution of 3-5 times in the duodenum [66] the ratio of the mixture 
surfactant-lipid to water is between 20/80 and 40/60. These ratios fall well into the 
range of the cubical phase of glycerol monooleate/phospholipid mixtures [72], 
which have the ability to promote membrane fusion [56]. Since there is currently 
no published experimental evidence to confirm or deny that such a lipid-water 
phase may transport an incorporated peptide/protein into an enterocyte, one can 
only speculate about the uptake mechanism. However, it is known that there is a 
close relationship between the rate of absorption and the percentage of lymph chyl- 
omicrons, the integration of fatty acids into lymph triglycerides, and the similarity 
between the lymphatic triglyceride fatty acid composition and that of the test infus- 
ate [89-92], Feeding high amounts of oleic acid, but not its isomer elaidic acid, 
turns the chylomicron production on and thereby increases the recovery of the fatty 
acid in chylomicrons [93,94]. The authors explain their results as a detouring of 
fatty acids from the portal route to the lymphatic system, by simply saturating the 
former: It also seems that the isomers, oleic and elaidic acid, are processed differ- 
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Fig. 8. Cyclosporin A concentrations in lymph and blood against time. CsA lymph concentration after 
administration in lipid microspheres (• — •); CsA lymph concentration after administration in a con- 
ventional formulation (o — o); CsA plasma concentration after administration in lipid microspheres 
— •); CsA plasma concentration after administration in a conventional formulation (o o). Lev- 
els of significance: lipid microspheres vs. conventional formulation in lymph (# P <0.1; ## P<0.05); 
lipid microspheres vs. conventional formulation in plasma (###, P<0.02; ####, P<0.05) (from 

Ref. 85). 
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Fig. 9. Serum insulin and blood glucose levels in three patients with insulin-dependent diabetes mellitus 
after a single dose of oral and subcutaneous insulin (from Ref. 86). Left vertical axes: blood glucose 
(mmol/1); right vertical axes: insulin (u.U/ml); horizontal axes: time (h). 
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ently by the enterocytes [94]. In similar work Cheema et al. [59] found that the 
longer the chain length and the greater the degree of unsaturation of the fatty acids, 
the faster the onset of chylomicron synthesis. Their results suggest that linoleic acid 
is the most suitable of the lipid vehicles investigated for the delivery of drugs into 
the lymphatic system, since it rapidly stimulated high levels of chylomicrons in the 
lymph. Conversely, long chain and saturated fatty acids, such as palmitic acid, cau- 
sed a marked increase in VLDL transport [94,95]. Since the main lipid in Cho and 
Flynn's formulation is oleic acid [87], it is conceivable that in addition to the sug- 
gested vehicle effect a modulation of the physiology takes place, thereby increasing 
protein uptake via the triglyceride pathway. 

Similarly, another patent discloses an emulsion system for oral delivery including 
peptides [96]. An LH-agonist was administered in a formulation composed of an 
oil phase (olive oil, oleic acid, peppermint oil), surfactant (Emulphor®), water and 
N-methyl-2-pyrrolidone. The oil phase is represented by insoluble, non-swelling 
amphiphilic lipids which account for over 40% of the formulation. The water con- 
tent in this composition is only 4%. Since interaction of different lipid classes with 
water can cause cubic liquid crystalline phases to be formed [97], it is likely that 
such a phase is formed resulting in a bioavailability of up to 85% for leuprolide fol- 
lowing intraduodenal administration in rats. Additionally, modulation of chylom- 
icron synthesis could be partially responsible for this excellent result. 

A similar study was conducted by Liedtke et al. in mice [88]. Although the exact 
details of their formulation are not given, it was described as a liquid lipid emulsion 
at 38°C composed of acylglycerides and a solution of human insulin. The maximal 
decrease in blood glucose was achieved 2 h following the oral administration of the 
lipid formulation and the bioavailability after s.c. and p.o. administration was com- 
parable. It is believed that the underlying uptake mechanism is similar to the one 
described above. 

Ritschel et al. [98-100] have demonstrated that microemulsions similar to those 
above can increase the oral bioavailability of peptides in various species. These 
W/O microemulsions have a low water content, sometimes as low as 8% [98]. From 
their data, it is also obvious that parameters other than droplet size in the microe- 
mulsions are critical for absorption. For example, branched fatty acids in the oil 
phase lowered the CsA uptake compared to unbranched molecules. The micrbe- 
mulsion (ME-15) used for insulin was composed of an oil phase (esterified fatty 
acid), a mixture of surfactant and co-surfactant (polyoxylated caprylcaprinic acid 
glycerides and polyglycerol isostearate) and water [100]. The bioavailability in bea- 
gle dogs, following administration of encapsulated ME-15, was 5%. Pinocytotic 
uptake of fat particles can be ruled out almost with certainty after fat absorption 
studies showed no evidence for such an entry mechanism [101,102]. Again, it is 
conceivable that this formulation once in the duodenum forms a cubic liquid crys- 
talline phase upon interaction with the pancreatic juice. 

In a similar study Takada et al. [103] administered solid dispersions to rats com- 
posed of CsA, at a dose of 7 mg/kg, surfactant (polyoxyethylated, hydrogenated 
castor oil, HCO-^60) with selective lymphatic transporting capability, and an ent- 
eric coating material. Their procedure for preparation was the following: CsA, 
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HCO-60 and an enteric coating polymer such as cellulose acetate phthalate (CAP), 
were dissolved in methanol. The solution was stirred in a mortar until granules 
resulted. These granules were dried under vacuum overnight at room temperature. 
The dried product was pulverized and screened through a 50 mesh screen. The 
preparation was placed into tubes which were inserted into the rat gut via an 
incision and 0.5 ml of 0.1 N HC1 was injected. The highest achieved lymph level 
(7680 ng/ml) occurred after administration of a solid dispersion of CsA in hydroxy- 
propyl methylcellulose phthalate (HP-55®)). The percentage transferred into the 
lymphatics after 6 h was approximately 2% of the administered dose. 

11.2(c) Physicochemical properties for lymphatic uptake and possible chylomicron 
incorporation. The ability of a compound to gain access to the lymphatic vessels 
depends upon, among other things, its molecular size [104]. Blood vessels have 
fenestrae with diameters between 40 and 60 nm, whereas lymph vessels possess 
junctions that are widely separated and therefore allow the passage of chylomic- 
rons (up to 600 nm in diameter) into the lymphatic lumen. Smaller substances can 
be forced into the lymph vessels by increasing their size via complexation to a large 
molecular weight carrier [105]. Small molecules gain access to the lymphatic lumen 
by incorporation into chylomicrons, depending upon their hydrophobicity and lipid 
solubility [106]. 

The permeselectivity of high molecular weight dextrans absorbed from the small 
intestine to the lymphatic vessels in comparison to the blood capillary system was 
demonstrated using in situ rat closed loop experiments [104]. These authors found 
that the levels for dextrans with molecular mass greater than 40 kDa were signifi- 
cantly higher in the lymph than in plasma. They concluded that the threshold mol- 
ecular weight for a change in mechanism of absorption from the intestinal lumen, 
which results in higher lymph than plasma levels, was between 17.5 kDa and 39 
kDa. In similar studies Muranishi and coworkers [107] observed a selective lym- 
phatic uptake for dextrans with a molecular mass which was higher than about 20 
kDa following administration in mixed micelles in the large intestine. 

Yoshikawa and coworkers [105] have described a bifunctional delivery system 
for the selective transfer of small and poorly absorbed drugs into the lymphatics via 
the enteral route. Bleomycin (BLM), a cationic glycopeptide (molecular mass 1.5 
kDa), was administered as a BLM-dextran sulfate complex using mixed micelles as 
an absorption promoter. The authors proposed the following mechanism for lym- 
phatic transfer after administration into the lumen of the small intestine. Approxi- 
mately half of the complex remains intact in the lumen, evidenced by evaluating 
the luminal solution using gel filtration and the determination of the different frac- 
tions for BLM and dextran. Complexed and free BLM enter the epithelial barrier 
only when aided by the mixed micelles as an absorption promoter. In the tissue 
more BLM dissociates from the complex reducing the complexed drug to about 
15%. The free bleomycin then transfers almost equally into blood and lymph, while 
the complexed drug preferentially enters the lymph (Fig. 10). Therefore, the effec- 
tiveness of the selective transfer of the system into the lymph depends on its stab- 
ility in the tissue. The authors also investigated large intestinal tissue for remaining 
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Fig. 10. Proposed mechanism of lymphatic transfer of bleomycin from lumen of small intestine by admi- 
nistration of bifunctional delivery system (from Ref. 105). 

BLM-complex. Since 44% remained intact in the large intestinal tissue compared 
to 15% in the small intestinal tissue, this bifunctional delivery system seems well 
suited for colonic lymphatic delivery. 

In a similar approach Kaji and coworker [108] used a /3-cyclodextrin polymer as 
a macromolecular carrier for l-hexylcarbamoyl-5-fluorouracil (HCFU). Delivery 
of the carrier system in a micellar solution (bifunctional system) into the large intes- 
tine of rats selectively increased the transfer into lymph. Concentrations of HCFU 
in lymph relative to plasma (L/P) peaked after 2 h, and the peak height was about 
25 times that in plasma. In contrast, application of the delivery system as a buffered 
solution yielded a plateau after 1.5 h and the measured concentration was about 
10 times that in plasma. Thus, mixed micelles composed of linoleic acid (2%) and 
polyoxyethylene lauryl ether (4%) in distilled water, enhanced absorption of the 
delivery system into the lymph system. 

To date, partition coefficient (P c ), which is the ratio of the equilibrium partition- 
ing of a compound between octanol and an aqueous phase, is most commonly used 
to describe lipophilicity. Very polar compounds (log P c < 0) transport slowly across 
the cell membrane due to poor membrane partitioning properties. These com- 
pounds will cross the epithelium primarily via the paracellular pathway, restricted 
by the presence of tight junctions. As the partitioning of the compound increases, 
membrane interaction increases. At some point, the permeability will be maximi- 
zed, log P c values of about 1-3 are presumedly optimal [109-114]. At higher log P c 
values the unstirred water layer becomes the rate-determining barrier for transport 
to the epithelium [115,116]. 

Lipophilicity, however, does not take into account lipid solubility. Charman et 
al. [117] stressed the importance of lipid solubility for lymphatic transport. Hexach- 
lorobenzene (HBC) and l,l-bis(p-chlorophenyl)-2,2,2-trichloroethane (DDT) 
were chosen as two model compounds with similar octanol/water partition coef- 
ficients (log Pcddt = 6.19; log P c hbc = 6.53), however, their lipid solubility in pea- 
nut oil differs by more than one order of magnitude (97.5 mg DDT/ml lipid; 7.5 mg 
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HBC/ml lipid). Cumulative lymphatic transport (0-10 h) was 33.5% for DDT, and 
2.3% for HBC, respectively. Similarly, Pocock [106] used rats to demonstrate that 
cumulative DDT uptake (12 h) into thoracic lymph was 60% of the dose, and 97% 
of the amount found in the lymph was incorporated into the triglyceride core of 
chylomicra. Conversely, penclomedine has a log P c of 5.48, an order of magnitude 
below that for DDT or HBC, and a lipid solubility of 175 mg/ml, which in turn is 
much greater than the solubility for DDT, but cumulative lymph transport of pen- 
clomedine (% dose) was only 2.0% [118]. The lower cumulative lymphatic trans- 
port of penclomedine highlights the importance of the partition coefficient on 
lymphatic uptake. 

Cyclosporin A, an immunosuppressive drug whose physiologic target is the lym- 
phatic microenvironment rather than the blood, targets to T helper cells and other 
lymphocytes. The lipophilicity of the compound had been considered to be the 
prime factor governing lymphatic uptake. Structurally, CsA is a cyclic undecapep- 
tide with a molecular mass of 1202 Da and an octanol/Ringer's buffer partition 
coefficient of log P c = 2.99 [119,120]. However, in rats Ueda et al. [119] found that 
only 2% (0.5% of the given dose) of the total amount absorbed drug was lym- 
phatically transported following administration in a formulation believed to target 
the triglyceride pathway (absolute ethanol, Labrafil®-M 1944CS, and olive oil 
(18:42:40)). The authors attribute their results to poor permeability of the com- 
pound, and/or hindered or prevented incorporation into the core of chylomicrons 
because of the bulkiness of CsA. Alternatively one can speculate that the log P c 
(2.99) might be too low for chylomicron incorporation (for references see Charman 
and Stella in this issue [306]). 

In contrast several authors demonstrated high lymph levels following intragastric 
(i.g.) and intraduodenal (i.d.) administration of CsA and human fibroblast inter- 
feron (HuIFN-j8) as mixed micelles composed of linolic acid (5.0 w/v%) and HCO- 
60 (8.0 w/v%) [121-124]. These results can be attributed to an enhancing effect of 
the fusogenic lipid formulation, which in this particular case exceeds the import- 
ance of the equilibrium partitioning of a compound between octanol and an aque- 
ous phase. 

11.2(d) Endocytosis. Absorption cannot be discussed without a brief review of 
endocytotic processes (for literature see Refs. 125-129). Endocytosis is a mem- 
branal process of transporting extracellular material to the interior of the cell [130]. 
Generally two types of endocytosis are distinguished: phagocytosis and pinocytosis 
[128]. Phagocytosis is associated with the internalization of particles greater than 
0.5 /urn and occurs in most cells. The term pinocytosis refers to both fluid phase 
pinocytosis (uptake of extracellular fluid and dissolved solutes) and adsorptive 
endocytosis (macromolecules bound to the membrane). Pinocytosis involves the 
formation of vesicles between 100 and 200 nm in diameter. Following the forma- 
tion, vesicles can have distinct pathways within cells (Fig. 11) [129]. Most vesicles 
fuse with preexisting, membrane-bound granules called lysosomes. In pinocytosis 
the total amount of cell-associated marker is 1% or less of the administered load 
vs. 50% or more in typical phagocytic systems [129]. Macromolecules are rarely 
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Fig. 11. Illustration of various endocytotic pathways. 1, fluid-phase pinocytic vesicle, which traver- 
ses the cytoplasm without fusing with lysosomes and discharges its contents on another surface of the 
cell. 2, adsorptive pinocytosis in which solute is initially bound to the cell surface through specific or 
non-specific determinants. After interiorization the vesicle moves through the cytoplasm and fuses 
either with the plasma membrane as in step 1, or with primary lysosomes or secondary lysosomes. 3, 
fluid-phase in which the vesicles fuse with each other to form larger structures and subsequently with 
lysosomes to form a new population of secondary lysosomes or add substrate to existing secondary lyso- 
somes. 4, phagocytosis, in which a solid particle is interiorized, excluding fluid-phase constituents of the 
external milieu. The phagosome encloses the particle and usually fuses with primary and/or secondary 
lysosomes to form a phagolysosome (from Ref. 129). 

expelled intact from the lysosomes. Occasionally endocytic vacuoles manage to 
escape fusion with lysosomes and traverse the cell. This phenomenon is referred to 
as transcytosis and is observed especially in the M cells of PP [131-133]. Macromo- 
lecular uptake, upon binding to a specific receptor, is referred to as receptor-medi- 
ated endocytosis. The uptake of receptor-bound molecules and small collections of 
extracellular fluid is mediated by coated pits. For each endocytotic process a var- 
iety of marker compounds exists (Table I). 
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TABLE I 




MARKER COMPOUNDS TO INVESTIGATE DIFFERENT ENDOCYTOTIC PROCESSES 


From. Refs. 128 and 129. 




Type of endocytosis 


Compound(s) 


Adsorptive 


gamma globulin, lectin(s), polyanions (heparin) 


Fluid phase 


colloid gold, dextran, ferritin, HRP, inulin, PVP 


Phagocytosis 


latex, paraffin oil emulsions, starch granules 


Receptor mediated 


bacterial toxins, viruses (reovirus, poliovirus) 



To the authors' knowledge there is limited literature about endocytosis in non- 
lymphoid tissue [134-138]. Sanders and Ashworth [134] found that latex particles 
(200 nm) were taken up into jejunal absorptive cells of adult rats, and observed in 
intact intracellular vesicles. These vesicles were released into the interstitium 
where they migrated into both lymphatic lacteals and blood capillaries. After intra- 
luminal injection of HRP into rat-ligated segments, Cornell et al. [135] found the 
fluid-phase marker within membrane-limited cytoplasmic canalicular, vesicular, 
and vacuolar structures. The sequestration of the compound within membrane-lim- 
ited structures suggests a specific excretion mechanism such as exocytosis. After 
infusion of 30 mg per kg of the enzyme into the jejunum of rats, Warshaw et al. 
[138] were able to demonstrate the presence of HRP in venous blood and lymph. 
In this study, however, it was not possible to determine the amount absorbed by 
either route. Cytochemical studies led to the assumption that most of the absorbed 
enzyme was transported across the mucosa by pinocytosis rather than by passive 
diffusion through the epithelium, or passage through intercellular junctions. Hey- 
man et al. [139] measured the flux of peroxidase in adult rabbit jejunum. 97% of 
the dose was degraded while crossing the membrane, suggesting passage through 
lysosomes after endocytosis. Vesicle-mediated transcellular movement of peroxi- 
dase was observed in both stratified and columnar epithelia of fetal rat small intes- 
tine and colon [140]. 

In an attempt to demonstrate lymphatic absorption, Tsujii et al. [141] performed 
a perfusion experiment using an anti-elastase rabbit antibody, and showed that 
elastase can be absorbed without decomposition through healthy rat jejunum epi- 
thelial cells by a pinocytotic process and transported into the blood and lymph. 

Woodley and Naisbett [136] selected tomato lectin as a test compound. This lec- 
tin is less susceptible to digestion in the brush border membranes of the gastroin- 
testinal tract than bovine serum albumin (BSA). In an in vivo investigation the 
authors assessed the IgG response following oral and i.p. administration of the lec- 
tin. The response after oral feeding was 4 times greater than that for i.p. admin- 
istration. These immunization experiments, however, don't quantify exactly what 
% of the dose enters the system in an immunologically active form. Nevertheless, 
the authors were able to demonstrate a response with an amount as low as 10 ^g. 

Immunoglobulins bind selectively to receptors and subsequently are transported 
from the intestinal lumen into the circulation [142]. Rodewald found that IgG- 
receptors are located within the duodenum and proximal jejunum in rats. In these 
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areas, receptors are limited to absorptive cells that line the upper portion of indi- 
vidual villis [143]. Interestingly, Hasegawa and co-workers [144] observed that IgG 
avoids degradation in the proximal intestinal cells because vesicles in which it is 
transported do not fuse with lysosomes, while IgG in the distal small intestine is 
degraded in lysosomal organelles. Use of such a transport mechanism for transcyto- 
sis of macromolecules seems attractive. In fact, IgG-coated liposomes carried poly- 
vinylpyrrolidone) and inulin across the epithelium in fetal rabbit and suckling rats 
much more efficiently than uncoated liposomes. A similar result was observed with 
insulin entrapped in IgG-coated vesicles. Although lymphatic absorption was not 
attempted, one can safely assume by taking the size of liposomes into account that 
they primarily gain access to lymph. This approach, however, is restricted to very 
young animals, since, in adults, Fc receptors are no longer expressed [145]. 

More emphasis must be directed to investigations that lead to a better under- 
standing of the molecular mechanisms responsible for cell sorting. To date, only 
class IV-receptor-ligand complexes are known to 'transcytose' across polarized 
cells, thereby delivering the ligand to the opposite side of the cell [127]. 

11.2(e) Site-specific delivery. Site-specific application by administration into the 
rectum has also been shown to be suitable for lymph targeting. Yoshikawa and 
Muranishi [146] were able to selectively deliver cytokines, such as interferon (IFN) 
and tumor necrosis factor (TNF) into the lymphatics using mixed micelles (MM) 
composed of fusogenic lipids. The absorbed IFN was selectively delivered into the 
lymph from the colorectum of the rat, whereas the same formulation yielded simi- 
lar levels in lymph and blood after oral administration. Yoshikawa et al. [147] were 
able to selectively deliver IFN into lymph by using suppositories containing linoleic 
acid and HCO-60, resulting in little IFN detected in serum. The bioavailability was 
about 25% of that obtained from the rectal administration of an MM solution com- 
posed of HCO-60 and linoleic acid [148]. The authors explain the lower bioavaila- 
bility from suppositories when compared with an MM solution as a result of the 
limited dissolution of drug and adjuvants when given as a suppository. Further- 
more, the diffusion rate in the molten suppository may be lower than in the MM 
solution. 

Nishihata et al. [149] investigated the effect of adjuvants on the lymphatic uptake 
of pepleomycin sulfate after rectal administration to rats. 5-Methoxysalicylate 
increased lymphatic transport, whereas the sodium salt of phenylalaninamide of 
ethylacetoacetate and diclofenac did not. The authors believe that the enhancing 
effect of 5-methoxysalicylate might be due to the suppression of the vascular per- 
meability for pepleomycin sulfate. This finding suggests that adjuvants may have 
an impact on the vascular permeability as well as mucosal membrane permeability. 

In another study, the transport of oral CsA, from the gastrointestinal tract in 
rats, into both the systemic circulation and the thoracic lymph was investigated with 
respect to the effects of biologic factors, such as presence of bile, absorption site, 
and the type of formulation, such as polyoxylated hydrogenated castor oil (HCO- 
60), propylene glycol (PG), and polyethylene glycol) (PEG 400). There was no 
great variation in terms of systemic availability among the different absorption sites 
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including the proximal segment of the upper small intestine (15 cm distal to the 
insertion of the bile duct), the segment between the bile duct and ileocecal valve 
(15 cm), and the small bowel proximal to the ileocecal valve (30 cm). Lymphatic 
availability, however, showed great differences with the lowest lymph absorption 
occurring from the distal small intestine. From their results the authors concluded 
that for increasing systemic availability, absorption site is of minor importance; 
however, solvents such as HCO-60 or PG are essential. In contrast, optimal lym- 
phatic bioavailability was only achieved from the proximal small intestinal seg- 
ment. Bile was essential in both lymphatic and systemic bioavailability. Earlier 
studies from Garvey and coworkers [150] confirm these findings with a 10-fold 
decrease of CsA lymph concentration in pancreatectomized dogs. Similar results 
were achieved by Ritschel [100] who compared mean CsA blood levels vs. time fol- 
lowing small intestine administration to control and bile duct-ligated rats. The 
plasma peak was 3 times greater in the control group compared to ligated rats. Fol- 
lowing insulin application into the small intestine of rats blood glucose level fell 
32% below the base level. But there was no reduction beyond base level upon 
applications into stomach, large intestine, and rectum. 

II. 2(f) Conclusion regarding absorption via non-lymphoid tissue. The GI tract 
allows macromolecules such as peptides or proteins to enter the lymphatic system 
to a limited extent. However, in order to target the lymphatics efficiently, one has 
to consider: (a) the molecular size of the drug itself or its carrier system, which 
should be greater than 20 kDa; smaller compounds (e.g., peptides) can be com- 
plexed with a macromolecular carrier in order to achieve the desired size and then 
administered in the presence of absorption promoters (bifunctional systems); (b) 
the vehicle effect, where the most promising vehicles seem to consist of a mixture 
of lipid and surfactant capable of directing the compound to chylomicrons and are 
capable of undergoing a phase transition into a cubic liquid crystalline phase; (c) 
the physicochemical properties of the compound should allow high partitioning 
into the chylomicron, while solubility in peanut oil can be used as an estimate of 
potential lymph partitioning. Endocytosis with respect to oral lymph targeting via 
non-lymphoid tissue is apparently not of great importance. 

III. Absorption into lymphatic vessels via lymphoid tissue 

For macromolecules, the potential to traverse the luminal and basal membranes 
in the GI tract is very limited. One possible pathway is passive transport through 
aqueous pores; however, this is generally restricted to water-soluble molecules of 
relatively small (Af r < 1000) molecular size. On the other hand, most mammalian 
cells, including those of the intestinal tract, have some capacity to endocytose mac- 
romolecules. Among the different intestinal components, PP are known to retain 
their endocytotic capabilities from birth to death. Their function is 'antigen sam- 
pling'; thus, they belong to the immunologic system [151]. Solitary lymphatic fol- 
licles are considered to be structural and functional equivalents to PP [152-155]. 
Targeting to these specialized tissues might be beneficial for a variety of com- 
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pounds, such as lymphokines and immunomodulatory substances. 
111.1. Physiology of Peyer's patches 

In 1676 Peyer described patches belonging to the gut-associated lymphoid tissue 
(GALT) consisting of aggregated lymphoid follicles [156]. As much as 25% of the 
GI mucosa is GALT [157] The shape of PP is generally rectangular or oval, and 
they are usually situated on the antimesenteric border of the intestine. PP extend 
through the luminal epithelium, lamina propria, and lamina submucosa. Lymphatic 
vessels are located under the epithelial layer adjacent to the external muscle layer. 
Post-capillary venules are located in internodular zones (Fig. 12) [158,159]. Patches 
are only one follicle thick, the follicle being intimately related to the overlying epi- 
thelium [160]. The structural elements of a PP are: (a) germinal center; (b) follicu- 
lar area; (c) dome area; and (d) parafollicular area [161]. Quantitatively, the 
germinal center, follicular area, and parafollicular area are similar in volume, 
about 30% each and the dome area constitutes only a small portion of about 10% 
[162]. The epithelium over the dome area differs from elsewhere in the GI tract, 
since it is composed of cuboidal rather than columnar cells. 

The number and location of PP varies widely between species and individuals 
(Table II) and is also age dependent. In humans and adult rats, PP are more 
numerous in the distal ileum, whereas in mice they are more uniformly distributed 
over the small intestine. However, in 8-week-old pigs, there are twice as many PP 
in the duodenum than in any other region [163]. In humans their number increases 
gradually through the end of puberty and thereafter a gradual and fairly equal 
reduction in the number of patches is found. A similar trend was also reported for 




Fig. 12. Schematic diagram of the Peyer's patch showing the topographic areas. The intestinal lumen is 
in the upper and the serosal site is in the lower part of the diagram. C, connective tissue; D, dome area; 
E, epithelia; L, lymph vessel; LL, large-lymphocyte zone; LM, lamina muscularis mucosae; M, mucosa; 
MC, mixed cell zone; PF, parafollicular area; SL, small-lymphocyte zone; SM, submucosa; V, villi; VE, 

vein. 



18069302 



40 W. RUBAS AND G.M. GRASS 

TABLE II 



NUMBER OF PEYER'S PATCHES IN DIFFERENT SPECIES AND IN RELATION TO AGE 
n.d., not disclosed 



Species 


Age 


Number PP 
range 


1116311 


Ref. 


Bovine 


1.5-10 yrs 


22-45 


n.d. 


164 




10-14 yrs 


14-36 


n.d. 


164 


Canine 


0.5-1 yr 


26-29 


n.d. 


302 


Chicken 


10 days 


1-2 


n.d. 


225 




4 mths 


5 


n.d. 


225 


Horse 


new born 


245-320 


n.d. 


164 


Man 


1-3 yrs 


122-244 


161 


160 




12-14 yrs 


122-305 


239 


160 




15-19 yrs 


170-316 


220 


160 




21-29 yrs 


109-201 


161 


160 




32-50 yrs 


104-217 


134 


160 




51-95 yrs 


59-169 


123 


160 


Mice 


n.d. 


6-10 


n.d. 


160 


dd-mice 


50-60 days 


6-12 


9 


158 


CS7 Bik-mice 


1 mth-1.5 yrs 


4-12 


6 


303 


C-mice 


1 rnth-1.5 yrs 


4-13 


8 


303 


Swiss-mice 


1 mth-1.5 yrs 


4-12 


8 


303 


dba-mice 


1 mth-1.5 yrs 


5-14 


9 


303 


C3H-mice 


1 mth-1.5 yrs 


6-14 


11 


303 


Pig 


1-30 days 


16-32 


n.d. 


164 




2 mths 


19-25 


22 


163 




2-12 mths 


14-37 


n.d. 


163 




1-2 yrs 


18-35 


n.d. 


163 




2-6 yrs 


22-36 


n.d. 


163 


Rabbit (Chinchilla) 


n.d. 


1-7 


5 


304 


Rabbit (New Zealand white) 


n.d. 


2-10 


4 


172 


Rat 


10 days 


5-6 


n.d. 


227 




lyr 


15-18 


n.d. 


227 


Sheep 


6-8 mths 


24-40 


n.d. 


164 




adult 


32-35 


n.d. 


164 



domestic animals [164]. The magnitude of development of PP appears to correlate 
in part with the degree of antigenic stimulation of intestinal mucosa [165,166]. 
Before puberty patch size varies in humans from a few millimeters to about 10 cm 
in length, and in the adult they can be as long as 28 cm. One PP can contain 5-250 
lymphoid follicles, and as many as 980 have been identified. 

Reynolds and coworkers [167] found evidence for the existence of two distinct 
types of PP in sheep. The ileocecal PP are dominated by lymphoid follicles that are 
tightly packed together, while the follicles in the PP in the jejunum are more pear- 
shaped and, in general, smaller than those in the ileocecal PP. The rabbit also has 
two different types of gut-associated lymphoid tissues. The rabbit appendix is simi- 
lar to the ileocecal PP in sheep, while the PP in the rabbit intestine resemble the 
jejunal PP in sheep. Studies by Hein et al. [168] also supported the idea of different 
types of PP in lamb. Their results support the proposition that jejunal PP in lamb 
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are very similar to that found in other species, whereas the ileal PP are different 
and most likely have a specialized role in B-cell production similar to the bursa of 
Fabricius in birds. Peyer's patches are not present in all animals. There are no 
reports of PP in some primates such as Mandrillus leucophaeeus and Papio anubis 
[169]; PP have not been observed in cynomolgus monkey (unpublished obser- 
vation). However, PP were located in Rhesus monkeys (Macaca mulatto) by means 
of a dissecting microscope [170]. 

In New Zealand white rabbits, the mean size of PP is about 0.7 cm 2 [171,172]. In 
these rabbits there are usually 40-50 nodules in a patch. Light microscopic studies 
have demonstrated that the nodules are separated from each other by intervening 
villi and interfollicular spaces. Each nodule is divided into three approximately 
equal zones (Fig. 13). According to Faulk et al. [172] the lower third of PP, toward 
the serosal surface, consists of large lymphocytes; the middle third consists of small 
lymphocytes; and the upper third, toward the epithelium, consists of a mixed cell 
population (Fig. 14). A study revealed the presence of collagenase in PP but not in 
adjacent ileum [172]. 

Peyer's patches host a wide spectrum of lymphocytes including B, T and den- 
dritic cells. Lymphoid cells represent approximately 30% of the total cell popula- 
tion in the highest region of the dome FAE [173]. Follicles with germinal centers 
host mostly B lymphocytes, which are actively dividing, and distinct from non- 
germinal center B cells by their ability to bind high levels of peanut agglutinin 
[174]. T lymphocytes predominate in the parafollicular area and are also present in 
the dome region overlying PP. The origin of the T cells determines their pheno- 
type. T cells derived from PP show a striking predominance of T8 (CD8 + ) cells 
(cytotoxic/suppressor phenotype), and some cells located around postcapillary ven- 
ules (PCV) express interleukin 2 (IL-2) receptors [175,176]. In adult mice 11-40% 
of PP lymphocytes are T cells, whereas 40-70% are B cells [177-179]. Similar num- 
bers were found in New Zealand white rabbits and in children [180,181]. Biopsy 
specimens revealed that the mean cell yield was 1.7-10 8 lymphocytes/g tissue, and 
26-48% were B cells, whereas T cells accounted for about 50%. 

B cells from PP, when compared to B cells from peripheral lymph nodes, gener- 
ate a greater proportion of B cell clones that produce only IgA [182,183]. Reg- 
ulatory T cells from PP appear to have a selective role in switching from IgM to 
IgA commitment and have an amplifying role in the development of mature anti- 
gen-specific IgA B cells [184,185]. 

All mature, non-activated lymphocytes, independent of tissue source or subclass, 
can recirculate and reach almost all locations in the body [186]. However, distribu- 
tion is not random. B cells preferentially migrate to mucosa-associated lymphoid 
tissue. This is clearly not true for effector cells nor presumably for antigen-specific 
memory cells. Once activated at specific sites of the body, the population of the 
immunoblasts and effector cells exhibit remarkable selective migratory behavior, 
moving mainly to tissues originally involved in antigen exposure and activation 
[187,188]. For example, B lymphocytes that exit PP appear to migrate to the mes- 
enteric lymph nodes, the superior mesenteric duct, and the thoracic duct lymph 
before entering the circulation and returning to the lamina propria and intraepi- 
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Fig. 13. Scanning electron microscopy of one (A) rabbit and (B) dog Peyer's patch. 
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Fig. 14. Cellular zones of dog Peyer's patches. LL, large lymphocyte zone; SL, small lymphocyte zone; 

MC, mixed cell zone. 

thelial region of the PP via postcapillary vascular sites called HEV (Fig. 15) [177- 
193]. 

All secondary lymphoid tissues except spleen are permanently equipped with 
these specialized HEV. High-endothelial cells are, in contrast to other vascular 
endothelial cells, morphologically cubiodal, plump cells. Endothelial height seems 
to be related to the intensity of continuous passage of lymphocytes. HEVs are per- 



18069302 



44 



W. RUB AS AND G.M. GRASS 




Fig. 15. Migration pathway of Pcyer' patch cell. Lymphocytes from Peyer's patches enter the mesen- 
teric lymph node and thoracic duct lymph before entering the circulation. These cells then disseminate 
. to the lamina propria of the intestine and bronchus-associated lymphoid tissue. Cells from the mesen- 
teric lymph nodes can disseminate also to extraintestinal sites such as the mammary gland, female geni- 
tal tract, or bronchus-associated lymphoid tissue (from Refs. 193, 187). 



manent in lymphoid tissues; however, their number and length seem variable and 
controlled by local immune activity. Antigenic stimulation results in a rapid incre- 
ase in high endothelial vasculature [187]. 

High-endothelial venules host tissue-specific endothelial adhesion molecules 
(vascular addressins). The molecule has been identified as a 58-66 kDa protein and 
it is possible that it represents the ligand for lymphocyte homing receptors [187]. A 
calcium-dependent phosphomannosyl binding site has been linked to the recog- 
nition of peripheral lymph nodes in man, rat and mouse [194]. 

Lymphocytes have surface structures (homing receptors) which mediate interac- 
tion with the vascular addressins. For example, T lymphoblasts have two categories 
of homing receptors, those influenced by antigen stimulation and those determined 
by tissue differentiation [195]. In addition to homing receptors, which direct tissue- 
specific interaction of lymphocytes with HEV, a lymphocyte function-associated 
antigen (LFA-1), which does not discriminate between tissues, is involved in lym- 
phocyte-endothelial interaction. LFA-1 is an accessory adhesion molecule in lym- 
phocyte binding to HEVs. Most likely, primary recognition of HEVs by homing 
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receptors is followed by a cooperative action of homing receptors and LFA-1 in 
establishing stable cell contacts [187]. 

T lymphoblasts in PP also have a migration pattern similar or identical to that 
described for B cells [196]. Organ specificity is largely determined by selective 
interaction of circulating lymphocytes with endothelial cells of postcapillary ven- 
ules [197]. Support for this theory came from Pabst and Reynolds [198] who exam- 
ined the migration behavior of lymphocytes from PP. Their study in sheep 
demonstrated that lymphocytes emigrate from the gut and mesenteric lymph nodes 
via lymphatics, and do not enter the blood directly in large numbers as occurs in 
pigs [199]. The total number of FITC-labeled lymphocytes found throughout the 
sheep after 1 day was about 60 times greater after ileal PP perfusion with FITC than 
after jejunal PP perfusion, 100-10 9 and 1.6-10 9 , respectively, although the mass of 
labeled PP was only 25 times greater after ileal perfusion than after jejunal PP per- 
fusion, 107 g and 4.2 g, respectively. Thus, it was apparent that the number of 
FITC-labeled cells remote from the perfused site was not directly related to the 
amount of PP perfused. About 4 times more lymphocytes emigrated per g of perfu- 
sed jejunal PP when compared to ileal patches, 72-10 6 and 17-10 6 , respectively. 
Moreover, lymphocyte transport from the intestinal mucosa seems to be dependent 
on the absorption of nutrients. Miura et al. [200] showed that in situ lymphocyte 
transport from the intestinal mucosa was stimulated to more than a factor 10 by 
olive oil administration, suggesting that fat absorption could be an important factor 
influencing the lymphocyte transport in the lymphatic system in the intestine. 

Mahida et al. [201] investigated the mononuclear phagocyte system within 
human PP. Macrophages in the germinal center were large, while macrophages in 
the dome region were heterogeneous in their size distribution. Staining for acid 
phosphatase was observed in both areas. In the parafollicular areas there were cells 
with a dendritic morphology, which did not stain for acid phosphatase. Some mac- 
rophages and lymphocytes in the germinal centers and dome regions expressed 
interleukin 2 (IL-2) and transferrin receptors. 

Macrophages extending pseudopods into or entering the follicle epithelium sup- 
plement lymphocytes which take up macromolecules transported from the lumen 
by M cells and take up microorganisms, such as Giardia muris or Mycobacterium 
paratuberculosis , which are too big to pass through the M cell tubulovesicular 
system. Phagocytosis of microorganisms, in PP lymphoid follicles, provides a route 
for communication of antigenic , information leading to the defense against the 
effects of further uncontrolled entrance of antigenic particles into PP lymphoid fol- 
licles [202,203]. 

In an attempt to describe the phagocytosis behavior of FAE, PP cells were incu- 
bated in vitro with FITC-polystyrene microspheres (0.75 fim) at a ratio of 100 
particles/cell, which were then immunologically stained. Phagocytotic cells com- 
prised 51-55% of the PP population, but only a subpopulation (15-25%) both 
phagocytosed FITC-microspheres and expressed the antigens required for recog- 
nition by the antibodies [204]. 

Hayakawa and Lee [205] investigated the enzymatic barrier of PP in the albino rab- 
bit. The results indicate equal aminopeptidase activity in jejunal as in ileal PP, but 



18069302 



46 W. RUB AS AND G .M. GRASS 




Fig. 16. Dog ileal Peyer's patch. Epithelial removal reveals the basement membrane. The pores in the 
basement membrane overlying the lymph node (LN) are greater than that of the villus (V). 



activity was about one third when compared to neighboring epithelial columnar 
cells. Inhibition studies with several compounds such as amastatin, bestatin, p- 
chloromercuribenzoate, puromycin, sodium deoxycholate, sodium glycocholate 
and polyoxyethylene-9-lauryl ether in patch and non-patch tissue suggested that the 
aminopeptidases present in PP might be different in both type and activity than 
those in non-patch tissues. 

Several authors [206-208] investigated the porosity of the epithelial basement 
membrane overlying lymphoid follicles within PP of rats and owl monkeys by scan- 
ning electron microscopy. Basement membranes overlying lymphoid follicles are 
markedly porous, and pore size increases centrifugally from the cap to the periph- 
ery of the follicle. There was no remarkable difference in porosity of the basement 
membrane within the terminal ileal segments of all animals. Additionally, the 
porosity of the basement membrane overlying the follicles is greater than that of 
the villus cores. Results from our investigations in beagle dogs confirm their find- 
ings (Fig. 16). One might speculate that such porosity could facilitate transcytosis 
of luminal macromolecules into the underlying follicles. 

Microscopic examinations of the cells lying over PP follicles (dome region) have 
revealed that the relatively sparse number of goblet cells creates a breach in the 
mucus blanket allowing particles to reach the lympho-epithelium, consisting of a 
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single layer of specialized cells (M cells). Epithelial staining with ruthenium red 
confirmed that M cells have a less elaborate glycocalyx than absorptive cells [209] . 
These cells transport antigenic material from the lumen into the space between 
cells where it can be taken up by lymphocytes [210-213]. In this respect, PP can be 
viewed as the initiating site of mucosal immunity. However, the M cell, because of 
its lack of major histocompatibility complex (MHC) class II antigens can not func- 
tion directly as an antigen-presenting cell [214].. It has been postulated that M cells 
in concert with absorptive enterocytes are present in the lamina epithelialis in every 
region where it overlies an accumulation of lymphoid tissue such as PP and/or soli- 
tary lymphoid follicles. These are located throughout the intestinal tract, particu- 
larly in the colon and rectum, with an average of 3-4 follicles per cm 2 in the large 
intestine [154,215,216]. These M cells were also identified in human and rabbit 
appendices and tonsils, the cecal PP of mice and rats [212-220], pigs [163], cows 
[221,222], dogs, hamsters [223], monkeys [224] and chickens [225]. 

The density of M cells is about 10-15% of the total cell population in the highest 
region of the dome FAE [220,226]; however, this statistic demonstrates a high 
inter-species variability. For example, in human PP the proportion is 1 M cell per 
36 enterocytes [227], while in Wistar rats the ratio is 1 M cell per 12 enterocytes 
[213]. It has been estimated that in rabbits the M cells constitute about 30-50% of 
the total membrane area taken as a planar surface [228]. In mice, M cells are found 
to be distributed evenly throughout the higher regions of the FAE. The frequency 
decreases towards the lower regions and no M cells are found in the follicle-associ- 
ated crypts. Antigen exposure stimulates the magnitude of PP development as well 
as the M cell number [229]. The transfer of specific pathogen-free (SPF) mice into 
a normal animal house environment increased the M cell area threefold within 7 
days after the transfer. It was suggested from these results that M cell production 
can be selectively increased within the FAE through the presence of foreign antir 
gens. The localization of antigens was investigated in duodenal, jejunal, and ileal 
PP, cecal patch, sacculus rotundus (posterior end of the rabbit ileum), and appen- 
dix. The antibodies labeled a subpopulation of FAE cells which comprise half of 
the epithelial cells. The immunostaining was mainly observed on FAE cell basolat- 
eral surfaces corresponding to the central hollow or pocket containing clusters of 
mononuclear leukocytes, which is characteristic of M cells. In contrast, the stem 
cell and proliferative regions facing the lamina propria were devoid of immunologi- 
cally reactive sites. Under scanning electron microscope M cells in humans are 
characterized by luminal microfolds rather than microvilli (Fig. 17). M cells share 
tight junctions (TJ) and desmosomes with adjacent epithelial cells (absorptive 
enterocytes). Mean TJ strand counts and depths among adjacent absorptive cell 
pairs in guinea pigs ranged from five to seven strands and from 275 to 350 nm, 
respectively, while some TJ in follicular dome epithelium showed strand counts up 
to 16 and depths up to 600 nm [230]. The epithelium appears to consist of a reticu- 
lum formed by the attenuated cell processes of M cells, allowing lymphoid cells, 
such as lymphocytes, lymphoblasts, or macrophages, to approach to within 300 nm 
of the intestinal lumen, while maintaining the integrity of the intestinal epithelium 
[211,223]. Studies were conducted to describe and compare the morphology of M 
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Fig. 17. Scanning electron micrograph of the surface of one M cell (from Ref. 211). 



cells in both human and rat PP [227,231]. The basic structure of M cells in both 
humans and rats appears similar within the limits of transmission electron micros- 
copy. Sicinski's results suggest the occurrence of two subtypes of M cells. However, 
in adult rats there were four types of surface structures. The difference was mainly 
due to the shape and number of microvilli sitting on the microfolds, with Type I 
having the most and Type IV no microvilli. An age difference was found in the 
ratio of the four cell types, with 10-20-day-old rats having 84% of Type I or II and 
only 5% of Type IV. After one year 35% of the M cells were of Type IV, and cells 
of Type I and II tended to be fewer in number. M cell renewal occurs by prolifera- 
tion in multiple adjacent crypts with cell migration onto follicle surfaces [131, 
232,233). M cells have been shown to express la antigen and to synthesize 
interleukin-1 (IL-1) [234-236]. 

Several authors have found that PP are deficient in lysosomes [237-240]. Enzy- 
matic histochemistry in the dome region (M cell) of different species revealed a 
lack of, or only minor activity of alkaline phosphatase, and little activity of acid 
phosphatase, succinate dehydrogenase, leucin-aminopeptidase, B-galactosidase 
[241]. Acid phosphatase was found in dense bodies in enterocytes but not in M 
cells. Comparison between enterocytes and M cells has shown that the volume frac- 
tion occupied by dense bodies in M cells is 16 times less than in enterocytes. Both 
the absence of acid phosphatase activity and the small number of dense bodies in 
M cells correlates with the absence of lysosomal degradation of luminal microor- 
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ganisms during transport into lymphoid follicles by M cells. The lack of alkaline 
phosphatase activity has been explained as a special characteristic of antigen-sam- 
pling epithelial cells. Furthermore, in contrast to absorptive cells, M cells lack any 
evidence for lipid absorption [131]. Observations from Madara et al. [230] revealed 
that M cell apical plasma membranes have a low protein-to-lipid ratio and an abun- 
dance of morphologically detectable cholesterol, except in domains involved in 
endocytosis. 

Identical binding for concanavalin A, ricinus communis agglutinin, wheat germ 
agglutinin and peanut agglutinin on M cells and enterocytes indicates that the two 
cell types share the same common glycoproteins and glycolipids [219]. However, 
Neutra and coworkers [242] found that although ferritin-conjugated ricin binds in 
vitro at 4°C almost equally to both enterocyte and M cell surfaces, only M cells took 
up ricin and transported it to their basolateral membranes. Additionally, it was 
found that M cells transport cationized ferritin with an external diameter of 12-13 
nm within vesicles, to the intercellular spaces [131-133]. The molecular weight of 
ferritin is in between that of apoferritin (450 kDa) and holoferritin (900 kDa) 
depending on the iron content. Simultaneous application of an adherent probe such 
as wheat germ agglutinin-ferritin (WGA-ferritin) and a non-adherent one such as 
BSA-colloidal gold revealed an average ratio of 100 WGA-ferritin to 1 BSA-gold in 
intracellular vesicles. Counts of both tracers in the abluminal M cell compartment 
demonstrated that WGA-ferritin and BSA-gold had been transcytosed in a ratio of 
about 195 to 1. The dome epithelium, composed of absorptive epithelial cells, M 
cells and lymphocytes, which covers GALT provides both a protective barrier over 
lymphoid follicles and a route for antigen entry into the host. IgA was noted to be 
the predominant immunoglobulin in external secretions, and to form a continuous 
coating over M cells, thereby protecting the host [243]. IgA secretion can be pro- 
voked by antigen challenge and exposure to (e.g., bacterial lipopolysaccharides), 
which will induce B cells in the PP to eventually develop into IgA plasma cells 
[244], Using light microscopic autoradiography and electronmicroscopy, Weltzin 
and coworkers [245,246] found that all gold-labeled or radiolabeled mouse IgA was 
bound to M cells upon injection into mouse, rat, and rabbit intestinal loops con- 
taining PP. Competitive experiments with unlabeled IgA demonstrated inhibition; 
thus, binding was specific. The authors suggested that luminal antigens and mic- 
roorganisms, complexed with secretory IgA (slgA), could be targeted to M cell sur- 
faces, and selectively transported to underlying macrophages and lymphoid cells. 
In vivo, the source of slgA is intestinal secretion as well as bile [247]. The authors 
consider the immunologic functions of slgA as threefold: (a) antigen exclusion; (b) 
antimicrobial functions; and (c) participation in cell-mediated immunity. Antigen 
exclusion could hamper oral vaccination; however, it is possible to prevent the for- 
mation of an slgA-peptide/protein-drug complex by combining the drug with inert 
soluble polymers, which may preserve the therapeutic action of the active com- 
pound [248]. Pappo and Owen [249] examined the expression of the secretory com- 
ponent (SC), a transmembrane glycoprotein by GALT epithelial cells. SC has been 
shown to function as the specific binding receptor for dimeric IgA. They found that 
SC expression is absent on M cells and all other follicle epithelial cells. This result 
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seems to be in contrast to findings from Weltzin et al. [246], who found selective 
binding of IgA to M cells. However, they confirmed that M cells do not express the 
receptor for dimeric IgA [250,251]. At this time, it appears that the nature of the 
M cell membrane component(s) responsible for IgA adherence is still unknown. 

111,2. Uptake into Peyer's patches 

Transport across the epithelium in PP can be achieved by three distinct path- 
ways: (i) endocytosis; (ii) via the paracellular shunt; and (iii) by passive diffusion 
across cells in PP, the latter being not of great importance due to the characteristic 
transport properties of this particular tissue. Endocytotic activity seems to depend 
on age and health state of the subject [252]. Several microorganisms can gain access 
to the circulation via receptor-mediated endocytosis in PP [253-255]. In vitro per- 
meability measurements have been used to determine the comparative paracellular 
restriction in PP and non-patch tissues [171], 

111.2(a) Adsorptive endocytosis. Non-receptor specific binding can result in inter- 
nalization of solutes with subsequent transport through the cytoplasm. There are 
several substrates that recognize and bind to terminal sugars of glycolipids and gly- 
coproteins. Among these are lectins and immunoglobulins. M cells and enter- 
ocytes, however, share the same common glycoproteins and glycolipids, thus a 
selective targeting of M cells is as yet not possible with lectins [219], and to date 
there appear to be no reports of successful targeting to M cells by lectins. 

III. 2(b) Fluid-phase endocytosis. Fluid phase endocytosis involves a non-selective 
uptake of solute molecules and has been demonstrated in rat PP [210]. Endocytosis 
can be investigated in vitro by permeability studies using a side-by-side diffusion 
chamber [256,257]. Several authors [239,258] have conducted in vitro transport 
studies, in Ussing chambers, using patch and non-patch jejunal tissues from 20-day- 
old piglets with and without PP, and HRP as the substrate. HRP is a 40 kDa pro- 
tein with a molecular diameter of about 5 nm. By measuring the peroxidase 
activity, the mean HRP transport rate across intestinal segments with patch tissue 
was found to be increased threefold over non-patch tissue. However, Ducroc and 
coworkers [259] using the same substrate could not confirm these findings in 2-3 kg 
rabbits. No significant difference was found between the HRP fluxes through patch 
tissue and non-patch jejunal tissue. The authors assumed that there was a reduced 
degradation in PP when compared to non-patch tissue; however, this was not actu- 
ally demonstrated in their study. The transport mechanism in both tissues was sen- 
sitive to metabolic inhibitors, thus, transcytosis is likely due to endocytotic 
processes. 

The effect of oral immunization on the uptake of HRP by adult rat intestinal col- 
umnar epithelium and PP tissue in vitro has been investigated by Beahon and 
Woodley, by feeding rats daily with HRP for 14 days [260]. No significant differ- 
ence between control and immunized animals for uptake rates into columnar epi- 
thelium was established. However, immunization decreased the uptake of intact 
HRP into PP by 60%, and transfer through patches into serosal fluid was 75% of 
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that for non-immunized animals. The same authors [261] failed to find a correlation 
between molecular weight and uptake rates into columnar epithelium and PP tissue 
in an everted gut-sac system, using HRP (M r = 40000), bovine serum albumin (M r 
= 68000), and IgG (M t = 146000-165000). A comparison between precipitated 
protein and total radioactivity found revealed that degradation in PP was less than 
in non-patch tissue, confirming that there is less lysosome activity. 

Heyman and coworkers [262] studied the intestinal absorption of an immunomo- 
dulating compound, which induces IL-1 secretion and activates other macrophage 
functions, in Ussing chambers using rabbit tissue. The compound is composed of 
two subunits of 350 and 95 kDa. Total transepithelial flux of tritium labeled com- 
pound (including degraded and non-degraded material) was 4.6-fold greater across 
the duodenum when compared to PP. Examination of the transported compounds 
revealed a higher degradation in non-patch tissues. Approximately 4% remained 
as a high molecular weight fraction after transport across the duodenum while 
about 17% was found to be the high molecular weight fraction after transport 
through PP. 

111.2(c) Phagocytosis. Phagocytosis is the intake of large particles, e.g. beads up 
to several micrometers in diameter [126]. Particles measuring up to 35 fim and con- 
sisting of different materials such as carbon, latex, lycopodium spores, urtica pol- 
lens, and poly(DL-lactide-co-glycolide), have been shown to accumulate in PP of 
different species [188,213,263-272]. At no time were microspheres observed to 
penetrate at sites other than PP. 

Size of the microparticles determines their fate in lymphoid tissue. Several 
authors have demonstrated the transport of microspheres of less than 5 /xm in diam- 
eter through PP into macrophages within mesenteric lymph nodes [264,268,272], This 
result is in agreement with the results of LeFevre and Joel [273] who indicated that 
the majority of particles which traverse PP are then sequestered into macrophages. 
In the case of antigen-loaded microspheres it is believed that particles up to 5 jim 
induce a predominantly circulating antibody response based on their propensity to 
migrate to systemic lymphoid tissues. On the other hand, microspheres of at least 
5 are believed to trigger mainly a mucosal immune response because they 
remain in the IgA-inductive environment of the PP over the course of their antigen 
release. 

It has been suggested that particle surface properties, as well as particle size, gov- 
ern accumulation in PP, with penetration of the PP epithelium being more easily 
achieved by particles with hydrophobic surfaces than those with a hydrophilic 
character [272,274]. Similar results were obtained by Jani and coworkers [275] in 
rats. Uptake for non-ionic polystyrene microspheres appears higher than for a 
negatively charged type. Additionally, they also observed a relationship between 
size and uptake, with particles smaller than 1 /Ltm (100 nm or 500 nm) being taken 
up at higher rates than particles with a diameter of 1 fim. In a follow-up study the 
same authors quantitated the extent of microsphere uptake [276]. Measurements of 
the polystyrene content yielded 35% uptake for particles of 50 nm and 25% for par- 
ticles with 100 nm diameter. These results were challenged by De Keyser and co- 
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workers [277] who found that nanoparticles made from diethylmethylidenmalonate 
(DEMM) having a diameter between 140 and 250 nm were not absorbed in the gut. 
Although hydrophobic character was not assessed, one can assume that the surface 
is rather hydrophobic, due to their rapid blood clearance and fast onset of liver 
uptake after i.v. administration. Hydrophobicity is the major parameter for RES 
uptake in the liver and spleen [278]. 

Factors other than size and surface properties also seem to be of importance. 
Ebel found a relationship between the fed state of the subject and the maximum 
number of particles in PP and spleen [269]. Peyer's patches in fasted mice took up 
30% less compared with fed mice. The mechanism for this observation is as yet 
unknown. It may be that the increased transit time in the gut or the presence of 
food increases the M cell uptake. 

Additionally, the vehicle in which latex particles are administered alters their 
absorption behavior [279]. Following administration of latex particles in water to 
rats, the uptake during the first two hours was 2-6 times greater when compared to 
an emulsion consisting of arachis oil, water, Span 83 and Tween 80 (8:8:1:1). At 3 
h no difference was observed. The supplementation of the emulsion with polox- 
amer 908 did not show any improvement compared to the emulsion alone. 

The amount of particles administered has been related to the number of latex 
particles found in PP and in lymph-node tissue [280]. Particles remained in mice PP 
for 74 days after the cessation of feeding, with the number declining to about 10% 
of the original number observed. The total number of latex containing villi, 
surrounding a follicle, was small, about 3 or 4 out of an available 10-20 villi. In con- 
trast to PP where latex formed aggregates, latex was usually isolated in villi. Latex 
was never observed in villi distant from PP [269,275]. The number of particles 
detected in PP apparently increases with increasing dose; however, there was no 
linear relationship to the dose administered. 

Exposure of the subject to microorganisms may not be of mechanistic import- 
ance for PP uptake. No difference in transport pathway was determined, when 
absorption experiments were performed with latex particles (2 /im) in germ free 
mice, although non-germ free mice had significantly larger follicles, and therefore 
greater accumulation [281]. 

Not surprisingly, age seems to play a role in PP uptake. By counting carboxyl- 
ated rhodamine B-conjugated polystyrene latex particles (negatively charged), 
LeFevre [266] demonstrated that the PP of aged mice take up about five times 
more latex (1.8 /nm in diameter) than those of young mice. The authors suggest that 
this result is due to the slower transit of digested material through the small intes- 
tine of aged mice, thus, longer exposure leading to greater uptake. Alternatively, 
if one could speculate that the epithelial surface charge may change with age then 
this could affect the interaction with latex. 

Since phagocytosis of particulate macroraolecules has been shown to be greater 
than pinocytosis, several investigators have encapsulated antigens into unilamellar 
dipalmitoyl PC liposomes with a negative surface charge (for a review see Ref . 282) 
Michalek et al. [283] demonstrated M cell uptake and a successful immune res- 
ponse in rats from a liposomal antigen preparation. Recently Childers and cowork- 
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ers [284] injected gold-labeled solid core liposomes (AuSCL), made from dioleoyl 
PC/cholesterol/dioleoylphosphatidylglycerol/triolein (4.5:4.5:1:1) into isolated 
small intestinal sections of rats containing PP. After 2 h of incubation, sections 
were assayed for liposome uptake using thin section electron microscopy. M cells 
from the dome region of PP were found to have pinocytotic vesicles containing 
AuSCLs, supporting the assumption that liposomes can be taken up by M cells for 
induction of mucosal immune response. 

Michalek et al. [285] also investigated an oral vaccine consisting, of liposomes and 
antigen (5. mutans) in germfree Fischer rats. S. mutans whole cell antigen, when 
given orally, was effective in inducing a salivary IgA response. On the other hand, 
an oral vaccine consisting of purified S. mutans serotype CHO induced no immuno- 
logical response. When the CHO was incorporated in liposomes, however, a good 
salivary IgA response was observed. Incorporation of muramyl dipeptide (MDP) 
also augmented the salivary response to CHO. The authors are currently studying 
the induction of mucosal responses in humans given an oral vaccine consisting of 
CHO in liposomes. 

Most recently Rhalem et al. [286] incorporated the surface antigen of a sporozo- 
ite of Eimeria falciformis into liposomes. After intragastric administration, mice 
were then challenged with 400 oocysts of E. falciformis and the oocyst discharge 
was followed. The oocyst discharge for the treated mice was 36000/g on day 7, 
while in control mice the discharge on day 7 was 2100/g, suggesting that liposomal 
incorporation increased efficacy 10-15-fold. 

111.2(d) Receptor mediated endocytosis. The epithelium of the gut expresses a var- 
iety of receptors for different ligands. Several microorganisms such as reovirus and 
poliovirus are known to selectively adhere and penetrate PP [287]. On the other 
hand liposomes are not transported intact across the intestinal epithelium [288]. 
Directing liposomes to the transcytosis pathway might be a promising approach to 
overcome this restriction, e.g. , by linking the liposomes to a ligand that has a recep- 
tor in the gut. One approach, e.g., is the utilization of the M cell attachment pro- 
tein from reovirus. Reovirus uptake occurs upon binding of the cell attachment 
protein (o-l), via its carboxylic residue, to the receptor on M cells [289-294]. The 
amino-terminal portion of al protein reveals a hydrophobic region [295]. There- 
fore, Rubas et al. [296] incorporated the reovirus M cell attachment protein into 
the bilayer of soyphosphatidylcholine liposomes by the detergent dialysis method. 
Competition studies with reovirus on mouse fibroblasts (L929 cells) grown as a 
monolayer revealed selective binding to the reovirus receptor. After in vitro incu- 
bation at 4°C for 1 h, approximately a 10-fold greater amount of coated liposomes 
was found associated with rat PP when compared to uncoated liposomes (Fig. 18). 
The in vivo success of such a delivery system may depend upon the immunological 
status of the subject. Seifert and Sass [188] immunized rabbits against human 
gammaglobulin and then attempted oral absorption of human gammaglobulin. 
Non-sensitized animals absorbed 90% of the dose, while the immunized group 
absorbed only 60%. However, from their work it is not evident whether or not the 
gammaglobulin was taken up primarily by the lymphoid tissue. 
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Fig. 18. Effect of in vitro incubation of rat Peyer's patches with either crl coated or uncoated liposomes 

on their uptake (from Ref. 296). 



There are other microorganisms that could be potential sources for ligands to 
receptors on the M cell. Using electron microscopy, Sicinski and coworkers [253] 
demonstrated that after in vitro incubation of human PP with Sabin or Mahoney 
strain poliovirus (belonging to the same family as reovirus), virus particles adhere 
specifically to and are endocytosed by M cells. Poliovirus particles were found in 
coated pits, in coated vesicles, and in endosomes in the cytoplasm of M cells. The 
authors concluded that M cells are the site of poliovirus penetration of the intesti- 
nal epithelial barrier, from which the virus reaches the lymphatic tissue and 
systemic circulation. 

In a similar experiment, ileal loops (8-10 cm) of non-immune rabbits were 
exposed to both virulent and avirulent shigellae. M cells contained approximately 
four times greater numbers (P <0.01) of the pathogenic strain than the non-patho- 
genic strains. Heat-killed shigellae of the virulent strain were taken up by M cells 
to the same degree as the avirulent strains. However, the killed shigellae were una- 
ble to elicit a memory mucosal response, whereas non-pathogenic strains did, 
implying that there was heat destruction of epitopes necessary for stimulation 
[254]. These findings are, in part, different from the results of a study by Owen and 
coworkers [297]. For these researchers, inoculating a loop of non-immune rabbit 
with viable and killed Vibrio cholerae resulted in only the viable microorganisms 
being taken up by M cells. In an other study, Walker et al. [298] exposed small 
intestinal loops of rabbits to Campylobacter. They found Campylobacters in proxim- 
ity to the mucosal surface of the ileum, however, when PP were examined, the bac- 
teria were seen selectively associated with M cells. Bacteria were rapidly trans- 
ported to lymphoid cells, presumably by macrophages. In this study, however, 
immunization was not investigated. 

In addition to the above-mentioned microorganisms, various strains of Salmon- 
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ella were proven to colonize PP of mice [299]. Orally infected animals were assayed 
at various times after administration of bacteria for the number of microorganisms 
in PP. The bacterial counts rose to a peak about 6 days after infection and then 
gradually declined. The peak count was related to the amount of bacteria given. 
The invasion of PP induced resistance to oral challenge with virulent S. typhimu- 
num. In order to study immune response in humans, Kantele et al. [255] exposed 
volunteers to an oral preparation of S. typhi strain Ty 21a and assayed blood, stool, 
and saliva for specific antibody-secreting cells (ASCs). ASCs were found in eight 
of ten subjects after the third postvaccination day, and the amounts peaked on day 
7, but were undetectable on day 14. 62% of these ASCs produced IgA, 32% IgM, 
and 6% IgG, respectively. No immunoglobulins could be detected in serum, saliva 
or feces. The authors explain these findings as insufficient persistence of the anti- 
gen in the intestinal tract, which is needed to maintain local antibody production 
[300]. 

111.2(e) Paracellular restriction. The paracellular pathway is restricted by occlud- 
ing junctions between adjacent cells and it is of interest to know if they behave 
similarly in patch and non-patch tissue. Permeability studies in PP from beagle dogs 
with poly(ethyleneglycol) (PEG) 900, PEG 4000, and mannitol suggest that there is 
no significant difference in paracellular restriction between PP and non-patch tissue 
[171]. Measured permeability declined similarly with increasing molecular weight 
in both patch and non-patch tissue (Table III). This is consistent with studies per- 
formed in 2-week-old piglets [258]. In contrast to piglets and beagle dogs, however, 
there was a difference observed between patch and non-patch permeability in rab- 
bits using the same hydrophilic compound series (Table III). It was suggested that 
the difference is due to the difference in the number of intervening villi, which is 
much smaller for rabbits, thus, the total dome surface area and the M cell count in 
rabbit PP is much higher than in beagle dogs. The brush border at the apical pole 
of the enterocyte consists of 1500 to 3000 microvilli per cell, while M cells host mic- 
rofolds rather than microvilli, thus, the mucosa surface is decreased by a factor of 
15-25 [301]. Alternatively, such a difference may be due to the increased paracellu- 
lar restriction through adjacent tight junctions with high strand counts and unusual 
depths [230]. 

TABLE III 

PERMEABILITY FOR PASSIVELY TRANSPORTED MANNITOL, PEG 900, AND PEG 4000 IN 
BEAGLE DOG AND RABBIT PATCH AND NON-PATCH JEJUNAL SEGMENTS 
Number in parentheses represents number of experiments 



Compound 


Permeability (10~ 6 cm/s) 












beagle dog 




rabbit 








non-patch patch 




non-patch 


patch 




Mannitol 
PEG 900 
PEG 4000 


0.5500 ± 0.2578 (4) 0.4200 
0.1600 ± 0.2209 (14) 0.1000 
0.0073 + 0.0048 (3) 0.0044 


± 0.2300 (8) 
± 0.0800 (7) 
± 0.0045 (3) 


3.54 ± 0.86 (20) 
0.70 ± 0.03 (15) 
0.24 ± 0.14 (15) 


2.52 ± 
0.19 ± 
0.01 ± 


1.07(14) 
0.06 (9) 
0.01 (6) 
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Ho and coworkers [228] investigated the in situ structure absorption 
relationships of small compounds in rabbit patch and non-patch tissue. The authors 
observed an average permeability coefficient between 45-10" 3 and 50- 10 -5 (cm/s) 
for the rapidly absorbed solutes n-octanoic, salicylic and taurocholic acids, and d- 
glucose. These in situ results demonstrated no difference between patch and non- 
patch tissue for the permeability of small molecular compounds. 

111.2(f) Conclusion regarding absorption via lymphoid tissue. The metabolic 
capacity, in terms of peptide degradation, is lower in PP than non-patch tissue as 
determined by aminopeptidase activity and permeability studies. From the above 
discussion it is evident that the most relevant uptake mechanism for particles or 
microspheres in PP is phagocytosis. The extent of uptake depends on: (a) the sur- 
face properties, where a hydrophobic surface is favored; (b) the amount admin- 
istered; and (c) the vehicle in which the particles are administered, with water 
being the best suspension vehicle. The fate after uptake in PP is determined by 
their size. Particles up to 5 fim exit the site of entry and migrate into lymphatic tis- 
sues such as lymph nodes, and spleen. Large particles of at least 5 /im remain in 
PP. All other endocytotic pathways are of minor importance, if present at all. 
Regarding the paracellular permeability of PP it seems that it is probably not differ- 
ent from non-patch tissue. Several microorganisms have a special M cell attach- 
ment protein that may be a tool for active targeting. Successful oral immunization 
is probably a result of the migration pattern of lymphocytes in PP. 
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